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PREFACE. 


This  book  ia  designed  to  be  used  quite  as  much  in  the  la- 
boratory or  with  specimena  in  hand,  as  in  the  cluss-roora.  If 
Zoology  is  to  be  studied  as  a  mental  diseipline,  or  even  if  the 
gtudent  desires  aimply  to  get  at  a  genuine  knowledge,  at  first 
hand,  of  the  structure  of  the  leading  iy\yQS  of  animal  life, 
he  must  examine  living  animals,  watch  their  movements  and 
habits,  and  finally  diseect  them,  as  well  as  Btudy  their  mode 
of  growth  before  and  after  leaving  the  ^gg  or  tlie  ])areiit,  as 
the  case  may  be.  But  the  young  student  in  a  few  weeks' 
study  in  the  laboratory  cannot  learn  all  the  principles  of  the 
science.  Hence,  he  needs  a  teacher,  a  guide,  or  at  least  a 
manual  of  instruction.  This  work  is  an  expansion  of  a 
course  of  lectures  for  college  students,  but  has  been  pre- 
pared to  suit  the  wants  of  the  general  reader  who  would  ob- 
tain some  idea  of  the  principles  of  the  science  as  generally 
accepted  by  advanced  zoologitits,  in  oi'der  that  he  may  under- 
stand the  philosophical  discussions  and  writings  relating  to 
modem  doctrines  of  biology,  especially  the  law  of  evolution 
and  the  relations  between  animals  and  their  surroundings. 

The  book  has  been  prepared,  so  far  as  possible,  on  the  in- 
ductive method.  The  student  is  presented  first  with  the 
facts ;  is  led  to  a  thorough  study  of  a  few  typical  forms, 
taught  to  compare  these  with  others,  and  finally  led  to  the 
principles  or  inductions  growing  out  of  the  facts*  He  has 
not  been  assailed  with  a  number  of  definitions  or  diagnoses 
applicable  to  the  entire  group  to  which  the  type  may  belong 
bofore  he  has  learned  something  about  the  animals  typical 
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of  tbe  order  or  clas8  ;  but  these  are  pl&oed  after  a  descriptiofi 
of  one  or  a  few  examples  of  the  group  to  wliich  they  may 
belong.  The  simplest,  most  elementary  forms  are  first  no- 
ticed, beginning  with  the  Protozoa  and  ending  with  the  Ver- 
tebrates. In  working  up  from  the  simplest  forms  to  those 
more  complex,  it  is  believed  that  this  is  the  more  logical  and 
philosophical  method,  and  that  in  this  way  the  beginner  in  the 
science  can  !)etter  appreciate  the  gradual  unfolding  of  the  lines 
of  animal  forma  wliich  converge  toward  his  own  species,  the 
flower  and  synthesis  of  organic  life.  Still  the  learner  is  ad- 
visetl  to  begin  liis  work  by  a  study  of  the  first  part  of  Chap- 
ter VII L,  on  Vertebrates,  and  to  miister,  with  a  specimen  in 
hand,  the  description  of  the  frog,  in  order  that  he  may  have 
a  standard  of  comparison,  a  point  of  departure,  from  which 
to  survey  the  lower  forms* 

Particular  attention  has  been  given  to  the  development  of 
animals,  as  this  subject  has  been  usually  neglected  in  such 
manuals.  Some  original  matter  is  introduced  into  the  book  ; 
a  new  clarification  of  the  Crustacea  is  proposed,  the  orders 
being  gronj^d  into  the  subelaasea  Neocanda  and  Palmocar- 
ida.  Most  of  the  anatomical  descriptions  and  drawings 
have  been  made  expressly  fur  this  houk,  iind  liere  the  author 
wishes  to  acknowledge  the  essential  aid  rendered  by  Br,  0,  S. 
Minot,  who  has  pri»pnred  the  drawinge^  and  descriptions  of 
the  fish,  frog,  snake,  turtle,  pigeon,  and  cat 

In  compiling  the  book,  the  author  has  freely  used  the 
larger  works  of  Gegenbaur,  Huxley,  Peters  and  Cams,  Claua, 
Holleston,  and  others,  whose  works  are  enumerated  at  the 
end  of  the  volume,  and  in  many  caaea  be  has  paraphmeed 
or  even  adopteil  the  author's  language  VBrhatim  when  it  haa 
guited  his  purpose.  Besides! best*  general  works  many  mon- 
ographs and  articles  have  been  drawn  upon. 

In  order  to  secure  a  greater  accuracy  of  statement,  and  to 
render  the  work  more  authoritative  as  a  manual  of  Zoology, 
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le  tmthor  has  stibmitted  the  mannscript  of  certain  chapters 
natiimlists  distinguished  by  their  g}iecial  knowledge  af 
certain  groups.  The  manuscript  of  ttie  sponges  has  been 
lid  by  Professor  A.  Hyatt ;  of  tlie  worms  aud  Mollusca,  by 
r*  Charles  S.  Miuot ;  of  the  Euhinodurm?,  by  iln  Walter 
Jton;  of  the  Crustac-ea,  by  Mr,  J.  S.  King^Iey.  Proofs  of  the 
art  relating  to  the  fishes  have  been  revised  by  Professor  T. 
lill,  whose  claaiification  a«  given  in  his  **  Arrangement  of 
lie  Families  of  Fislies,"  has  been  closely  followed,  his  defin- 
tions  liaving  been  adopt4*d  often  word  for  word.  The  man* 
[*npt  of  the  Batnichiaus  and  Reptiles  has  been  read  by 
rofessor  K  I>.  Cope,  whose  classification,  given  in  his 
^  Check- List  of  North  American  Batraehia  and  Keptilia/* 
en  adopted.  Prwifs  of  the  part  on  birds  have  been 
Tead  by  Dr.  Elliott  Cones,  U.S.A.,  whose  admirable  ''Key 
to  the  Birds  of  North  America"  has  been  freely  nsed,  the 
auiihor's  words  having  l>een  of  ten  adopted  without  quotation- 
marks.  Dr.  Coues  has  also  revised  the  proofs  of  the  pages  re- 
ferring to  the  Mammals.  To  the  friendly  aid  of  all  these 
pntlemen  the  author  is  deeply  indebted. 
As  to  the  illustrations,  which  have  been  liberally  provided 
the  publishers,  a  fair  proportion  are  original*  The  full- 
age  engravings  of  the  anatomy  of  the  typical  Vertebrates 
live  been  drawn  expressly  for  this  work  by  Dr.  C.  S.  Mi  not ; 
i  number  have  been  prepaid  by  Mr,  J.  8.  Kingsley  ;  Prof. 
K.  Brooks  has  kindly  contributed  the  drawing  of  the 
firons  system  and  otocyst  of  the  clam,  and  a  few  of  the 
Icetches  are  by  the  author. 

The  publishers  are  indebted  to  Prof.  F.  V.  Ilayden 
^t  iiluetrations  kindly  loaned  from  tlie  Reports  of  the  U.S. 
loological  Survey  of  the  TeiTitories ;  a  few  have  been 
^aned  by  Prof.  8*  F.  Baird,  U.S.  C'ommissioner  of  Fish  and 
Pisheries,  and  the  members  of  the  U.S.  Entomological  Com- 
mission ;  a  nnml)er  have  been  loaned  by  the  Peabody  Acad- 


cmy  of  Science,  Salem,  Mass.;  by  the  publishers  of  the 
American  Naturalist^  and  by  the  Boston  Society  of  Natural 
History,  while  forty  of  tlie  cuts  of  birds  have  been  electro- 
typed  from  the  originals  of  Cones*  Key,  andTenney^s  Zoology* 

Measurements  are  Uisually  given  in  the  metric  system  ;  in 
such  cases  the  approximate  equivalent  in  inches  and  fractions 
of  an  inch  are  added  in  parentheses. 

Should  this  manual  aid  in  the  work  of  education^  stimu- 
late students  to  test  the  statements  presented  in  it  by  person- 
al obaervations,  and  tlius  elicit  some  degree  of  the  inde- 
pendence and  self*reliance  characteristic  of  the  original  in- 
vestigator, and  also  lead  them  to  entertain  broad  views  in 
biology,  and  to  sympathize  with  the  more  advanced  and 
more  natural  ideas  now  taught  by  the  leading  biologists 
of  our  time,  tlie  author  will  feci  more  than  repaid, 

Piovldeiioe,  R .  L.  October  W,  1879. 
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A  KUMBER  of  changes  have  been  made  since  the  issue  of 
the  second  edition,  consisting  either  of  the  correction  of 
errors,  or  the  insertion  of  facts  new  to  science  since  the 
book  was  written.  Ryder's  order  Symphyla  is  admitted  as 
asuboi-der  of  Thysanura^  and  the  views  of  Semper  and  Mose- 
'  ley  as  to  the  formation  of  coral  reefs  are  briefly  referred  to. 
The  author  would  be  thankful  for  the  communication  of 
additional  errata,  and  for  suggestions  from  teachers  tending 
towards  the  improvement  of  the  book ;  and  here  acknowl- 
edges,  with  tlianks,  kind  aid  from  several  naturalists  in 
revising  the  second  edition. 

Juae,  1881. 
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ZOOLOGY. 


INTRODUCTION. 

Definition  of  Zoology. — That  science  which  treats  of  liv- 
ing beings  is  called  Biology  {fiio^,  life ;  Xdyog^  discourse). 
It  is  divided  into  Botany,  which  relates  to  plants,  and  Zo- 
ology (i^oooy,  animal ;  Xdyo?,  discourse),  the  science  treating 
of  animals. 

It  is  difficult  to  define  what  an  animal  is  as  distinguished 
from  a  plant,  when  we  considerthe  simplest  forms  of  either 
kingdom,  for  it  is  impossible  to  draw  hard  and  fast  lines  in 
nature.  In  defining  the  limits  between  the  animal  and 
vegetable  kingdoms,  our  ordinary  conception  of  what  a 
plant  or  an  animal  is  will  be  of  little  use  in  dealing  with 
the  lowest  forms  of  either  kingdom.  A  horse,  fish,  or 
worm  differs  from  an  elm  tree,  a  lily,  or  a  fern  in  having 
organs  of  sight,  of  hearing,  of  smell,  of  locomotion,  anc* 
special  organs  of  digestion,  circulation,  and  respiration,  but 
these  plants  also  take  in  and  absorb  food,  have  a  circulation 
of  sap,  respire  through  their  leaves,  and  some  plants  are  me- 
chanically sensitive,  while  others  are  endowed  with  motion 
— certain  low  plants  such  as  diatoms,  etc.,  having  this 
power.  In  plants,  the  assimilation  of  food  goes  on  all  over 
the  organism,  the  transfer  of  the  sap  is  not  confined  to  any 
one  portion  or  set  of  organs  as  such.  It  is  always  easy  to 
distinguish  one  of  the  higher  plants  from  one  of  the  higher 
animals.  But  when  we  descend  to  animals  like  the  sea-ane- 
mones and  coral-polyps  which  were  called  Zoophytes  from 
their  general  resemblance  to  flowers,  so  striking  is  the  exter- 
nal similarity  between  the  two  kinds  of  organisms  that  the 
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^iirly  observers  regarded  thcin  as  **  animal  flowers  ;**  wnd  in 
coiiseqitence  of  the  confused  notions  originally  held  in  regard 
I  to  tbem  the  t^rm  Zoophytes  has  been  perpetuated  in  works 
ron  systematic  zoology.     Even  at  the  present  day  the  com- 
pound Ilydroids,  such  as  the  Serinlaria^  are  gathered  and 
pressed  as  sea- mosses  by  many  persons  who  are  unobserrant 
of  their  peculiarities,  and  unaware  of  the  complicated  anat- 
omy of  the  little  animuU  tilling  the  different  leaf-like  cells. 
Sponges  until  a  very  late  day  were  regarded  hy  our  leading 
!  zoologists  as  plants.     The  most  accomplished  naturalists, 
f  however,  find  it  impossible  to  separate  hy  any  definite  lines 
the  lowest  animals  and  plants.     So-called  plants,  as  Bade- 
Hum,  and  so-called  animals,  as  Proiammba,  or  certain  mo- 
nads, w*hicli  are  simple  specks  of  protoplasm,  without  gon» 
nine  organs,  may  be  referred  to  either  kingdom  ;  and,  in- 
deed, a  number  of  naturalists,  notably  Haeckel,  relegatd 
to  a  neutral  kingdom  (the  Protisfa)  certain  low- 
est plants  and  animals.     Even    tho  germs  (w- 
OHpore^)  of  munads  VikeUveUa  (Fig.  1),  and  those 
of   other  flagellate  infusoria,  may  be  mistaken 
for  the  spores  of  plants  ;  indeed,  the  active  fla- 
gellated spores  of  plants  were  described  as  in- 
and  there  are  certain  so- 
flagellate    infusoria    so    much    like   low 


i«,a  nijiicjtiite  fiisoria  by  Khrenljcrg  : 

iuri)!«orl;iti,   or        .,     i      rt*        it  -     # 

itimiutj.  with  called    flagellate    infusoria 
)U    cftiioii  plants  (such  as  the  red  snow,  or  Proiocorcus), 
roreniiy  mag-  iu   the  foHU,  deportment,  mode   of   reproduc- 
^^^*^-  tion,  and  appearance  of  the  spores,   that  even 

now  it  is  possible  that  certain  organisms  placed  among  them 
am  plants.  It  is  only  by  a  study  of  the  connecting  links 
between  these  lowest  organisms  leading  up  to  what  are  un- 
doubted animals  or  plants  that  wo  are  enabled  to  refer  these 
beings  to  their  pro|x»r  kingdom. 

As  a  rule,  plants  have  no  special  organs  of  digestion  or 
circulation,  and  nothing  ai»proaching  to  a  nervous  system. 
Most  plants  absorb  inorganic  food,  such  as  carbonic  acid 
gad,  water,  nitrate  of  ammonia,  and  some  phosphates,  silica^ 
etc,  ;  all  of  these  substances  being  taken  up  in  minute  (juan- 
Htic?8.  TiOW  fungi  live  on  dea*l  animal  matter,  and  promote 
Ihe  process  of  putrefaction  and  decay,  but  the  food  of  these 
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oegsnifflns  is  inorganic  particles.  The  slime-muulds  called 
3ftfzom^ceteji^  however,  envelop  the  plant  or  low  animals, 
mnch  aa  an  Amctda  throwa  itnelf  around  some  living  plant 
and  ahfiorha  its  protoplasm  ;  but  MjfXQmyceteg^  in  their  man- 
ner of  taking  food,  are  an  exception  to  other  monldc.  The 
lowest  animali*  swallow  other  living  animals  whole  or  in 
pieces  :  certain  forms  like  Amceba  (Fig.  2)  bore  into  minute 
nlsrrB  and  absorb  their  pro* 
ii^tlasm  ;  others  engulf  sili- 
Cious-shelltHl  plants  (diatoms) 
absorbing  their  protoplasm. 
Xo  animal  swallows  silica, 
lime,  ammonia,  or  any  of 
tlie  phosphates  as  food.  On 
meoincr  nana,  jjiauis  niauu-  hMicragiireiibowiitbrc<'p-Muiopodiftointie 

f«ir^liiFo    nr  rtiTwIimrk    frnni    in-    Hght  «de :  In   tll^  twc>  other  Hgnrca   (he 

laeiure  or  piotiute  irom  m-  pj^dopodis  m  wUhdmwn  in  5ie  body- 


organic  matter  starch,  sugar 
and  nitrogenuus  t^ubstjinces  which  constilnte  the  food  of 
auimali^  During  ji^imilation,  plants  absorb  carbonic  acid» 
and  in  fiunlight  exhule  oxygen  ;  during  growth  and  work 
tliey,  like  animals,  congume  oxygen  and  exhale  carbonic  acid. 

Animals  move  and  have  special  organs  of  locomotion  ; 
few  plants  move,  though  some  climb^  and  minut^i  forms 
have  thread-like  processes  or  vibratilo  laslics  (cilia)  resem- 
bling the  Aagella  of  monads,  and  tlowers  o{>en  and  shut,  but 
'  -*  motions  of  the  higher  plmit^  are  purely  mechanical, 
1  not  performed  by  special  organs  controlled  by  nerves. 
The  mode  of  reproduction  of  plants  and  animals,  however, 
is  fundamentally  identical,  and  in  this  respect  the  two  king- 
doms unite  more  closely  than  in  any  other.  Plants  also, 
like  animals,  are  formed  of  cells,  the  latter  in  the  higher 
forms  combined  into  tissues* 

As  the  lowest  plants  and  animals  are  scarcely  distinguish- 
able, it  is  probable  that  plants  and  anin»als  tirst  appeared 
contemporaneously  ;  and  while  plants  are  generally  said 
to  form  the  btisis  of  animal  life,  thia  is  only  partially  true  j 
a  large  number  of  fungi  are  dependent  on  decaying  animal 
matter;  and  most  of  the  Protozoa  live  on  animal  food,  as 
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I  do  a  largo  proportion  of  the  higher  animali?.  The  two 
^kingdoms  supplement  each  other,  are  miituallv  dependent, 
imd  prohably  appeared  simultaneously  in  the  beginning  of 
things.  It  should  be  observed,  however,  that  the  animal 
kingdom  overtops  the  vegetable  kingdom,  cnlminating  in 
man. 

In  speaking  as  wo  have  of  low  animals  and  high  animals, 
wo  are  comparing  very  unequal  quantities;  the  distance  be- 
tween monad  and  man  is  well-nigh  infinite.  But  there  is  a 
fierios  or  chain,  sometimes  broken  and  often  with  lost  links, 
[eonnocting  the  extremes  ;  and  as  there  are  wide  differences 
|in  form,  so  there  are  great  extremes  in  the  organs  and  de- 
Be  of  complication  of  function  of  the  simple  iis  compared 
with  the  more  complex  forms.  The  imjirovisod  stomach  of 
an  Amwhii  is  not  comparable  with  the  stnnuich  of  an  hydra, 
nur  \%  the  stomaclj  of  the  latter  creature  with  that  of  a 
horse  ;  there  is  a  gradual  perfection  and  elaboration  or  spe- 
cialization of  the  stomach  as  we  ascend  in  t!ic  animal  series. 
So  it  is  with  organs  of  locomotion  ;  the  psoudupods  and  cilia 
of  the  Protozoans  are  replaced  in  the  star-tishes  and  wurms 
by  hollow  tentacles  or  various  fleshy  soft  appendages ;  in 
crabs  and  insects  by  stiff,  jointed  limbs,  with  different  lev- 
erage systems  ;  and  these  are  repla^'ed  in  vertebrates  by 
genuine  limbs  supported  by  bones.  A  comjmrative  view  of 
the  orii^in  and  structure  of  organs  succeeds  in  this  book  the 
Bystematic  acconnt  of  the  animals  themselves. 

We  thus  see  that  the  organs  of  the  higher  animals  araJ 
merely   modifications     of    organs  often    liaving  the  same^ 
general  functions  as  in  the  lower  animals  ;   the  lower  or 
simpler  have  preceded  in  geological  history  tlie  higher  or 
more  specialized  forms,  and  thus  we  ai\\  in  ascenditig  the 
animal  series,  going  from  the  simple  to  the  complex.     For 
this  reason  the  plan  of  this  work  has  been  to  lead  the  stu- 
dent from  the  simpler  forms  of  animal  life  to  the  more 
complex  ;  and  though  the  vertebrate  aniinala,  such  as  fisheflj 
and  dogs,  are  more  familiar  and  interestiug  to  us,  the  seri- 
ous student  of  zoology  will  feel  that  it  is  more  logical  and 
better  in  the  end  to  study  the  animal  world  in  the  order  in 
which   the  diflfei'ent  forms  have  appeared — as  we  lielieve. 


MORPHQLOOT. 


through  the  orderly  operationfl  of  physical  and  biological 
~  under  the  guidance  of  an  Infinite    Intelligence — a 

lor  whose  modes  of  working  are  revealed  to  us  in  what 
\  call  the  laws  or  processes  of  nature. 
Zoology  IS  sabdiTided  thus  : 

I  Morphology  or  gross  Anatomy,  and  minute 
I  Anatomy  (Histology). 

I  Physiology  and  Psychology. 
Zoology.  <  Reproduction  and  Embryology. 

1  Systematic  Zoology  or  Classitication. 
f  Palaeontology. 
\  Zoogeography, 

Morphology. — In  order  to  properly  understand  Zoology, 
one  should  first  study  Morphology — Z.^.,  tlie  general  struc- 
ture of  animals.  The  student  should  first  thoroughly  ac- 
quaint hims€»lf  with  the  anatomy  of  a  vertebrates  animal^ 
such  aa  a  frog,  as  compared  with  that  of  a  toad  or  salaman- 
der. The  examination  and  comparison  of  the  organs  of 
animals  belonging  to  distinct  groups,  is  called  Comparative 
Anatomy.  The  study  of  ^lorphology  also  includes  the  rela- 
tion  of  the  different  organs  to  one  aaotlier,  and  of  all  to  the 
^^alls  of  the  body*  Finally,  we  need  also  to  study  the  com- 
^Hosition  of  the  tissues  of  the  different  organs  ;  each  kind  of 
^Hlitsue  being  formed  of  different  kinds  of  elements  or  cells. 
This  department  of  Comparative  Anatomy  is  called  Histol- 
egy  (Greek,  iffrd^y  web  or  tissue  ;  Xoyos,  discourse).  It 
tre&tfl  of  the  cell,  and  the  combination  of  cells  into  germ- 
layers,  tissues,  and  organs. 
The  Oell.— The  primary  elements  of  the  bodies  of  animaU 

Rre  called  cells.  They  are  microscopic  portions  of  proto- 
laam  either  with  or  without  a  wall.  Protoplasm  largely 
consists  of  protein,  which  is  a  complex  compound  of  car- 
bon, hydrogen,  oxygen,  and  nitrogen,  as?ot*iaU'd  with  a  large 
proportion  of  water.  Cells  are  originally  more  or  less 
s[iherical  sacs,  and  the  protoplasm  forming  the  cell-mass  is 
the  dynamic  part  of  the  cell.  The  protopla.sm  of  animal  as 
%vell  aa  vegetable  cells,  the  protoplasm  of  eggs  and  of  the 
cells  forming  the  different  tissues  of  the  animal  body,  aa 
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well  as  the  entire  Ama^ba  or  monad,  is  all  alike,  being  jjer- 
fectly  homogeneous  to  the  chemist  or  microscopist  of  onr 
day-  Yet  potentially  the  protoplasm  of  different  cells  exertfl 
widely  different  forces  and  capabilities.  An  egg*cell  be- 
comes a  man,  whose  brain-eelk  are  the  medium  of  the  intel- 
lectual power  which  enables  him  to  write  the  history  of 
'his  own  species,  and  to  be  the  historian  of  the  forms  of  life 
which  stand  below  him*  The  cell  is  the  morphological  * 
unit  of  the  organic  world.  With  cells  the  biologist  can 
in  the  imagination  reconstruct  the  vegetable  and  animal 
worlds. 

The  primitive  form  of  a  celU  when  without  a  nuehns  or 
nnrleolus,  is  called  a  cytode  ;  genuine  cells  have  a  nucleus, 
the  latter  containing  a  nucleolus.  Animals  composed  of  but  a 
single  cell,  siicli  us  the  Amaeba  or  an  Infiisorian,  are  said  to  be 
rtnirelluJar,  Cells  grow  by  absorbing  cen-food — /.«..,  by  the 
iissimilation  of  matter  from  without,  and  this  matter  maybe 
in  masses  of  considerable  size  when  seen  under  the  micro8coj>o. 
Cells  multiply  by  st4f-division.  The  egg-cell  undergoetJ 
division  of  the  yolk  into  two,  four,' 
eight,  and  afterward  many  cells ;  the 
ceils  thus  formed  become  arranged  intOj 
two  layers  or  sets  called  germ-layeraj 
The  outer  is  called  the  ectoderm  and 
the  inner  the  endoderm.  A  third  germ- 
layer  arises  between  thorn,  called  the 
mesodtrm  or  middle  germ-layer.  From 
these  germ -layers,  or  cell-layers,  the 
iijisues  of  the  body  are  formed,  such  as 
muscle,  bone,  nerve,  and  glandular  tissue.  These  tissues 
form  organs,  hence  animals  (as  well  as  plants)  arc  called  or- 
ganisms,  because  they  have  certiiin  parts  formed  of  a  partic- 
ular kind  of  tissue  set  apart  for  the  performance  of  a  special] 
sort  of  work  or  physiological  labor.  This  separation  of 
parts  for  particular  or  special  functions  is  called  differentia^ 
tion  :  and  the  highest  animals  are  those  whose  bodies  ar 
most  differentiated,  whih^  the  lowest  are  thoise  whose  l>odiea 
least  diffijrentiated  ;  hence  hiffh  animals  are  speeittlizedf 
,  on  the  other  hand,  low  animals  are  simple.     Thus  dif- 


Fi|r-  S,— Ormi  of  Sogitlii. 
tCt  ectoderm  ;  en,  (*nd(x!enn; 
lH>ih  taycTw  forrowi  or  nu- 

ClCMtMl  Cellft. 
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ation  of  or^ns  involves  the  divigioti  of  physiologiciil 


Tissues. — Of  tlic  different  kinds  of  tissues  there  is,  first, 
tpithrJial  tissue  (Fi«^.  4)  consisting  of  cells  with  a  nucleus  jind 
nncleoluB,  and  phiet^d  side  bv  i?ide,  forming  a  layer.  All  the 
organs  develop  originally  from  epithelium,  which  is  the  prim- 
itive cell -structure  and  forms  tlie  tissues  of  the  gerra-layerg. 
Bpithelial  cells  form  the  skin  of  animaU,  and  also  the  lining 
the  digestive  canal.  The  cells  of  the  latter  may,  as  in 
gponges,  bear  a  general  resemblance  to  a  flagellate  infuso- 


4.^Verrfca]  #>ectton  nir>iii^1»  ihc  iikln  of  ah  embryianfe  nhark,  showing  At  EihiB 
itl^iellal  celiw,  furmiiig  paveuiHit  i^piLltL-liuiii ;  and  ut  «,  columuar  epHlu^Uuni,^ After 
itnttr. 

»n,  as  Codasif/a,  or  they  may  each  bear  many  hairs»  called 
flia^  which  by  their  constant  motion  maintain  currents  of 
be  fluids  passing  over  the  surface  of  the  epithelium.  The 
sue  forming  glands  is  simply  modified  epitliolium* 
Voiuieciive  tisniue  is  formed  by  isolated  rounded  or  elon- 
ited  cells  with  wide  spaces  between  them  filled  with  a  go- 
tinous  fluid  or  protoplasm,  and  occurs  between  nius€*les. 
This  tissue  forms  in  the  vertebnites  the  '*  notochord'* 
-i.^v»  a  rod  supporting  the  bodies  of  vertebrate  embryos. 
Gelatinous  tissue  is  a  variety  of  conn3ctive  tissue  found  in 
the  umbrella  of  jelly-fishes  (Afnrlia,  etc.;.  Fibrous  and 
elastic  tissue  are  alsu  varieties  of  conncutivc  tissue. 

Cart ilfigi nous  tissue  is  chanicterixed  by  cells  situated  in  a 
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atill  firmer  ititercelhtlar  substance  ;  and  wlien  tlie  intercel- 
lular substance  becomes  combined  with  salts  of  lime  form- 
ing bone,  we  have  bony  tissue. 

The  blood-oorpascles  originate  from  the  mesoderm  as 
indei»ondcnt  cells  (louting  in  the  cireuhitiug  fluid,  the  blond- 
cells  being  formed  contemjioruneously  with  the  walla  of  the 
vesselg  enclosing  the  bloodr  In  the  invertebrates  the  blood- 
cells  are  either  strikingly  like  the  Amceha  in  appcMrunce,  or 

are    ovaU    but     still    capable    of 
changing  their  form.    Thus  blood- 
corpuscles  arise  like  other  tissues, 
of  awaicrbocUc-AftcrMiiwu      c^ccpt    tnat    xno    Diooa-ccus  aie 

free, 
Mnscnlar  tissue  is  also  composed  of  cells,  which  ai*e  at 
first  nucleated  and  afterward  lose  their  nuclei.  From  being 
at  first  oval,  the  cells  finally  become  elongated  and  more  or 
less  spindle-sbajwd,  forming  fibres;  these  unite  into  bundles 
forming  muscles.  Each  fibre  is  ensbeathcd  in  a  memtmuie 
called  sarcolemmn.  Muscular  fibres  may  be  simple  or  striated 
(Fig,  5).  The  contractility  of  muscles  is  due  to  the  con- 
tractility of  the  protoplasm 
originating  in  the  cells  forming 
the  lib  res* 

Nervous  iissue  u  made  up 
of  nerve-cells  and  fibres  pro- 
ceeding from  them  :  the  for- 
mer constituting  the  centres 
of  nervous  force,  and  usually 
ma^sc^d  together,  forming  a 
tjajuilwn  or  nervecentre  from 
which  nerve- fibres  pass  to  the 

l>eriphery  and  extremities  of '*''™  ^'*  ^*  *>  »^«^^« '""  *«^ 
the  body,  and  serve  as  conductors  of  nerve-force  (Fig.  6). 
Organs  and  their  FunctionB.^ — ^Itiiviug  considered  the 
different  kinds  of  cells  and  the  tissues  they  form,  we  may 
now  consider  the  origin  of  organs  and  their  functions*  Tho 
itamcBini  umy  be  considered  as  an  orgautcs^  being.  In 
T^  11)  we  first  meet  witli  a  speciali/^ed  portion  of 
r  lipait  for  the  performatjceof  a  special  function. 


Fig.  (J.— A  cnngUrtti  In  the  clam,  witU 
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is  the  nnclens  ;  so  that  Amoeba  u  h,  genuioe  orgattism* 
Ascending  to  the  llagellate  Infusoria  (Fig.  1),  wo  havo  the 
flagella  developed  as  external,  permanent  organs  of  locomo- 
tion. In  the  Hydra  (Fig.  3G)  the  k>nt4iclc8  arc  organs 
whose  functions  aro  generalized.  In  the  worms  we  have  or* 
gang  arranged  in  pairs  on  ea^hsideof  the  body,  and  in  gen- 
eral among  the  higher  invertebrates,  ©apecially  the  crusta- 
ceans and  insects,  and  markedly  in  the  vertebra tos,  wo  have 
the  bilateral  symmetry  of  the  body  still  farther  emphasized 
in  the  nature  and  distribution  of  tlie  appendages. 

Of  the  internal  organs  of  the  body,  the  njost  important  is 
the  digestive  cavity*  which  is  at  lirst  simple  and  primitive  in 
the  ga^irula  or  embryo  of  all  many-ceUed  animals,  and  us  we 
ascend  in  the  animal  series  we  witness  its  gradual  S}>ecial- 
izatioDy  the  digestive  tract  being  differentiated  into  dis- 
tinct portions  (/.f.,  the  CBSophagus,  stomach,  and  intestine), 
each  with  separate  functions  and  with  organs  of  respiration^ 
digestion,  secretion,  and  excretion  set  apart  as  offshoots  or 
outgrowths  from  the  main  alimentary  tract.  In  like  man- 
ner the  skeleton  is  at  first  simple  and  afterward  is  extended 
into  the  different  organs,  the  various  parts  of  tlie  ap- 
pendicular skeleton  corresponding  to  the  increased  flexi- 
bility and  diversified  leverage  power  ;  so  that  limbs  Ijccome 
subdivided  into  joints,  and  tliese  joints  still  further  subdi- 
vided  as  we  go  from  the  points  of  attaehment  to  tlie  peri- 
phery or  extremities,  as  seen  in  the  tendency  to  an  irrelative 
repetition  of  joints  in  the  limbs  and  feelers  of  crustaceans 
and  insects,  and  the  digits  of  the  lower  vertebrates. 

Correlation  of  OrgoiiB*^ — Cuvier  established  this  princi- 
de,  showing  that  there  is  a  close  relation  between  the  forms 

the  hard  and  soft  parts  of  the  body,  together  with  tlie 

notions  they  perform,  and  the  habits  of  the  animal.  For 
example,  in  a  cat,  sharp  teeth  for  eating  flesh,  sharp  curved 
claws  for  seizing  smaller  animals,  and  great  muscular  activ- 
ity coexist  with  a  stomach  fitted  for  the  digestion  of  animal 
rather  than  vegt*table  food.  So  in  the  ox,  broad  grinding 
th  for  triturating  grass,  cloven  hoofs  that  give  a   broad 

pporfc  in  soft  ground,  and  a  several-chambered  stomuch 
coexist  with  the  habit-s  and  instincts  of  a  ruminant.     Thus 
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tlieforinof  the  teeth  presupposes  either  a  niminaut  or  carni- 
vore. Hence  this  prime  kw  of  computrative  anatomy  led  to 
the  estahlishment  by  Ciivier  of  the  fundamental  laws  of 
palflBontology,  hy  which  the  comparative  anatomist  is  en- 
abled to  restore  from  isolated  tectli  or  bones  the  probable 
form  of  the  original  possessor.  Of  L'ourse  tlie  more  perfect 
the  series  of  bones  and  teeth,  or  the  more  complete  the  re- 
mains of  insects  or  moUusks,  the  more  perfect  will  be  our 
knowledge,  and  the  less  room  will  there  be  for  error  in  re- 
storing extinct  animals. 

Adaptation. — An  organ  with  a  certiiin  normal  use  or 
function  may  be  adapted,  in  consequence  of  a  change  in  the 
Iiabits  of  the  animal,  to  another  use  t!ian  the  original  one. 
To  take  an  extreme  case,  the  Anahas^  or  climbing  fiah^  may 
use  its  fins  to  aid  it  in  aiscending  trees.  On  the  other  hand, 
hy  disuse  organs  become  aborted  or  rudimentary.  Th© 
teeth  of  the  whalebone  whale  are  rudimentary  in  the  young, 
nnd  are  replaced  by  whalebone,  which  is  more  useful  to  the 
animal  \  the  eyes  of  the  blind^fish  are  rudimentary,  tunc- 
tionless.  Tbose  of  certjiin  cave-insects  arc  entirely  wanting^ 
being  lost  through  disuse,  owing  to  a  change  of  life  from 
the  light,  outer  world  to  totally  dark  caverns,  and  the  con- 
sequent disuse  of  their  eyes.  Nature  is  economical.  Every 
tiling  that  is  not  of  use  as  a  role  disappears.  It  would  be  a 
waste  of  material  to  nourish  and  care  fur  an  organ  in  a  cave- 
animal,  or  a  parasitic  insect  or  crustacean,  which  would  be 
of  no  use  to  the  animal.  On  the  other  hand,  if  the  leg  or 
tail  of  a  newt  is  snipped  of!  by  some  rapacious  fish,  it 
grows  out  again. 

Moreover,  the  animal  organism  is  far  more  pliable  than  is 
generally  supposed.  Not  only  is  nature  continually  repair* 
ing  wounds  and  wuste,  not  only  is  the  body  being  eon  tin - 
nully  made  over  again,  but  certain  animals  undergo  a 
change  of  form,  either  generally  or  in  particular  parts.  If 
the  environment  is  uncliangcd,  tlie  animal  renmins  true  to 
its  sjx^cies.  The  dogma  of  the  invariability  or  stability  of 
species  is  a  fallacy.  Change  the  climate,  moisture  or  dryness, 
the  nature  of  the  soil  ;  introduce  the  natural  enemies  of  the 
animal  or  remove  them  ;  destroy  the  balance  of  nature,  in 
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tber  words,  and  the  organism  cliangea*     The  phmta  and 

animala  of  the  nuimmies  and  monument  of  Egypt  are  proh- 
Ldj  the  same  as  tliose  now  living  in  that  country,  because 
be  climate  and  soil  have  remained  the  aame* 
The  assemhlagcs  of  life  that  havesuceesaively  peopled  the 
irface  of  the  earth,  and  which  are  geological  time-marks, 
we  probably  become  extinct  because  they  could  not  adapt 
[lemselves  to  more  or  leas  rapid  oscillations  of  continents 
id  islands,  to  consofinent  changes  of  climate  and  the  in- 
sming  of  destructive  types  of  life.  This  probably  accounts 
E>r  the  origin,  culmination,  and  extinction  of  dillerent 
of  life.  The  earth  has  been,  and  still  is,  in  a  state  of 
Instable  equilibrium.  Organic  life  has  been  and  is  even 
low,  in  a  degree,  being  constantly  readjusted  in  harmony 
with  these  changes  of  the  earth's  surface  and  climate.  Thus 
this  adaptation  of  organs  to  their  uses,  of  animals  to  their 
environment,  the  laws  controlling  the  origination  of  new 
forms  of  life  and  the  extinction  of  those  which  have  acted 
beir  part  and  are  no  longer  of  service  in  the  economy  of 
bturo,  is  part  of  the  general  course  of  nature,  and  evinces 
ae  Infinite  Wisdom  and  Intelligence  pervading  and  contin- 
ally  openiting  in  the  universe,* 

Coupled  with  variabiUiy  is  the  law  of  inheritance  and 
fanstniuion  of  variable  parts,  and  the  habits  thus  induced 
the  variation  of  parts.  It  should  be  observed  that  the 
>rtions  which  vary  most  are  the  peripheral  parts — 1>«, 
igers  and  toes,  tentacles  and  antenna?,  the  skin  and  scales 
and  hair  ;  it  is  by  modifications  and  differences  brouglit 
about  in  those  parts  most  used  by  animals  that  the  multi- 
tudes of  specific  forms  have  resulted.  There  is,  as  Darwin 
states,  a  general  tendency  of  organisms  to  vary  ;  the  laws 
accounting  for  this  tendency  to  vary  have  yet  to  be  formu- 
lated ;  though  the  attempts  of  Lamarck  in  this  direction 
laid  the  way  for  the  discovery  and  application  of  the  funda- 

*  TImt  animals  aad  plants  are  self-evolved,  that  the  world  has  made 
itself,  and  that  all  is  the  result  of  so-called  phyaknl  nud  bloloj^^k  al  lawa 
operating  from  within  outward,  is  as  inconct-^ivuhlc  as  the  mediteval 
dogma  that  animals  and  plants  and  the  eurtli  they  inhabit  were  made 
in  the  twinkling  of  an  eye.     Bee  the  concluding  chapter  on  Evolution. 
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mentftl  laws  of  ovalution.  On  the  other  hand,  pure  Dar- 
winiam — viz.^  natural  aelectiou — accounts  rather  for  the 
preservation  than  the  origination  of  tho  forms  of  life. 

Analogy  and  Homology .^ — When  we  study  the  Inrerte- 
brates  alono  we  see  that  it  is  often  eiiiiy  to  trace  a  general 
identity  in  form  hetween  the  more  important  parts.  The 
parts  of  the  sting  of  a  bee  are  originally  like  the  feet  or  jaws 
of  this  insect,  though  the  functions  of  these  parts  may  be 
quite  unlike  ;  these  are  therefore  examples  of  a  general 
identity  in  structure  or  honwlogy  between  two  organs.  A 
closer  homology  implies  a  more  a]*pareiit  identity  of  form, 
.AS  seen  in  the  resemblance  in  structure  of  the  fore-limbs  of 
'a  whale  and  a  seal,  or  the  pectoral  fins  of  tishes  and  the 
arms  of  man,  or  tho  wing  of  a  bird  and  the  human  arm. 

Analogy  implies  a  dissimilarity  of  structure  of  two  organs 
with  identity  in  use,  as  the  wing  of  an  insect  and  of  a  bird  ; 
the  leg  of  an  insect  and  the  leg  of  a  frog  ;  the  gill  of  a 
worm  and  tho  gill  of  a  fish. 

Homology  implies  blood-relationship  ;  analogy  repudiates 
any  common  origin  of  the  organs,  however  physiologically 
alike.  The  most  general  homologies  are  those  existing  in 
organs  belonging  to  animals  of  different  branches  ;  the  mont 
special  between  those  of  the  same  orders  and  minor  groups. 
Thus  it  is  fundamentally  a  question  of  near  or  remote  con- 
sanguinity. 

Physiology  treats  of  the  mode  in  which  organs  do  their 
work  ;  or,  in  other  words,  of  the  functions  of  different  or* 
gans.  Thus  the  hand  grasps,  the  fins  of  a  fish  are  its  swim- 
ming orgiius  :  the  function  of  the  nose  is  to  smell,  of  the 
liver  to  secrete  bile,  of  the  ovary  to  secrete  protopliusm 
which  forms  eggs. 

Psychology  is  the  study  of  the  instincts  and  reasoning 

swers  of  animals  ;   how  they  act  when  certain  parts  are 

ritated  ;  so  that  while  this  term  is  generally  applied  to 

nan   alone.  Comparative   Psychology  deals  both  with  the 

implest  automatic  acts  and  the  whole  series  of  psychic  pro- 

-from  those  exercised  by  tho  Protozoans,  such  as 

"^Ammbu,  up  to  the  complicated  instinctive  and  rational  act 

ol  man< 
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Beproduction. — The  simplest  form  of  reproduction  is 
cell-division,  one  cell  budding  or  separating  from  another. 
This  mode  of  growth  is  called  self-division  or  fission. 
Where  one  cell  separates  from  another,  the  separating  part 
being  smaller  than  the  original  cell,  or  where  a  number  of 
cells  separate  or  bud  out  from  a  many-celled  animal,  such  as 
a  Hydra  J  the  process  is  called  ycm/na/io/i.  A  third  mode  of 
reproduction  is  sexual,  the  sperm-cell  of  the  male  coalescing 
with  the  nucleus  of  the  egg  ;  the  commingling  of  the  pro- 
toplasm of  the  two  nuclei  resulting  in  a  series  of  events 
leading  to  the  formation  of  a  germ  or  embryo. 

Embryology  is,  strictly  speaking,  a  study  of  the  develop- 
ment of  animals  from  the  beginning  of  life  of  the  egg  up  to 
the  time  the  animal  leaves  the  Qgg  or  the  body  of  the  parent 
— namely,  up  to  the  time  when  it  begins  to  sliift  for  itself  ; 
but  the  term  embryology  may  also  be  applied  to  the  grow- 
ing animal  from  the  egg  to  the  adult  condition.  Many  of 
the  lower  animals  undergo  a  vietamorphosis,  suddenly  as- 
suming changes  in  form,  accompanied  by  changes  in  habits 
and  surroundings  ;  so  that  at  different  times  it  is,  so  to 
speak,  a  different  animal.  For  example,  the  caterpillar 
lives  on  solid  food,  crawls  on  the  ground,  and  has  a  worm- 
like  form  ;  it  changes  to  a  chrysalis  or  pupa,  lying  quies- 
cent, taking  no  food  ;  then  it  changes  to  a  butterfly  and 
flies  in  the  air,  either  taking  no  food  or  sipping  the  nectar 
of  flowers  :  in  all  these  three  stages  it  is  virtually  different 
animals  with  different  surroundings.  Many  animals  besides 
insects  have  a  metamorphosis,  and  their  young  are  called 
larvae  ;  thus  there  are  larval  polyps,  larval  star-fish,  larval 
worms — these  larvae  often  differing  remarkably  in  form, 
habits,  and  in  their  environment  or  surroundings,  as  com- 
pared with  the  mature  or  adult  forms. 

Classiflcation. — After  thoroughly  studying  a  single  ani- 
mal, its  external  form,  hov/  it  acts  when  alive,  its  external 
and  internal  anatomy  after  death,  and  the  development  of 
other  individuals  of  its  own  species,  the  student  is  then  ready 
to  study  the  classification  of  animals. 

The  best  method  of  studying  classification,  or  Systematic 
Zoology,  is  to  make  an  exhaustive  examination  of  one  an- 
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itnalt  and  tlion  to  gtudy  in  the  sume  tliorongh  manner  a 
allied  form,  and,  finally,  to  compare  the  two.     For  examph 

ko  a  frog  and  compare  it  with  a  toad,  and  then  with  a 
lewt,  or  a  land  salamander  j  thus,  by  a  sttidy  of  the  different 
types  of  Datrachians,  one  may  arrive  at  a  knowledge  of  the 
Hflinitios  of  the  different  species  of  the  class.  The  methods 
of  ivaearch  are,  then,  ob^^ertHiiion  and  comparison.  The 
best  and  most  philosophic  obserrers  are  those  who  compare 
moHt  Thou*  ]ui&sing  on  to  other  animals^  the  student  will 
pbiro  in  one  group  animals  that  are  alike.  He  will  find  thai 
many  uj^ive  in  tM?rtain  general  charvcters  common  to  alL 
Ho  will  Wxwfi  form  them  into  claasee,  and  those  that  agree  in 
U*etii  K^'neral  cliaraeters  into  orders,  and  so  on  until  thoae 
aKvovni^'  in  Btill  less  im|x>rtnnt characteristics  maybe  placed^ 
in  I  tifr^'oricK  4ir  gnnips  termed  families,  genera  and  specieStSj 
variet  iesi  and  rai*t\8k  For  example^  the  cat  belongs  to  the 
fiOhiwitig  groiipi  ; 

Kin^dnm  of  Animals  ; 
SMhkingihm^  or  hranck^  Vertebrates; 
Vlm*^  Haniimilia ; 
Ordmt^  Oarnirom ; 
fkmilyy  Feltdm; 
Q0mu$.  Felis ; 
S^iecifs,  Felis  d^mi$iiems  Linncm  ; 

'  T  ^*  to  represent' 

N^iur^t  which  our  classAtications    attempt  to  represents] 
llonrr  we  have  snb^^T'  rrmieni,  &al>-faBiiUed  sadj 

uMinr  funiiliiii,  sub  or  r^>rdeis,  ftad  aab-^clsmrn^ 

Uliil  «n|Hr  rUiJt^iV^^  and   uhi  ditWreni  aasembkigQS  tiuiy  bt 
fniupi»d  into  iftrUs  <4  ordfln»  tamUieSf  etc^ 

Th«  rt»lations  at  ih«  nionbera  of  these  different  grouf 
IK  .  the  same  meaner  as  the  geneilogi* 

4  riAii*  i>r  like  a  tree«  with  its  Inmkj 

ami  brnticticj  and  twigs;  or  on  a  plane  bj  a  eross-ssetioiij 
t»<i    t  •»    the    tn^,    the   different  gtxMipa  or  ends  of  the 
I  reiemhhug  a  c<»nstellation»  and  enhodfing  one*s 
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flOHT  BRANCHBa  OF  THE  ANIMAL  KINQDOM.      U 

iden  of  the  complicated  relations  between  animals  of  differ- 
ent  groups. 

The  Animal  Kingdom  may  be  divided  primarily  into 
two  series  of  branches ;  those  for  the  most  part  composed 
of  a  single  cell,  represented  by  a  single  branch,  the  Proto^ 
toa^  and  those  whose  bodies  are  composed  of  many  cells 
(M$iasaa)y  the  cells  arranged  in  three  fandamenteJ  cell- 
layers — viz.,  the  ectoderm,  mesoderm,  and  endoderm.  The 
series  of  Metazoa  comprises  the  seven  higher  branches — %.€., 
the  Poriferay  Cmlenierata,  JSchinodermata,  Vermes,  MoU 
lusea,  Arthropoda,  and  Vertehrata.  Their  approximate 
relationships  may  be  provisionally  expressed  by  the  follow- 
ing 

Tabulab  Yirw  of  thb  Eight  Bbanchks  of  thb  Animal  Kin  anon. 


VIII.  Vertelyrata. 
Firfhea  to  Man. 


VII.  Arthropoda, 
CnrntaceftiM  ana  Inoects. 


VI.  MoUutea, 
Clams,  Snails,  Cuttles. 


V.  Vemui, 
Flat  and  Round  Worms,  Polysoa, 
Brachiopods,  Annelids,  Tanlcatea. 


I 


IV.  Eehinodermata. 
Orinoids,  Staiilsh,  etc. 


III.  Ccdenterata, 
Hydra,  Jelly-flshes. 


n.  Porifera. 
Sponges. 


Metazoa. 
Many-celled  animals,  with  8  cell-layers. 

I.  Protozoa. 

Single-celled  animals. 


It  shonld  be  understood  by  the  student  that  the  classifi- 
cation presented  in  this  book  is  a  provisional  one,  biiscd  on 
our  present  knowledge  of  the  structure  of  the  leading  types 
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of  ihfi  imlmal  kingdom,  and  nitty  b^3  regarded  as  rudely  in- 

|<licHtihj(  the  blofMl-roliitionBhip  or  pedigree  of  animaU.     It 

MiiTern  in  «<niio  iniportHiit  regjieets  IraTii  the  classifications 

*(Civ(Tn  in  thy  hookn  onlitnirily  iu  nse  by  American  students* 

It  ii  a  quiiMtion  whether  the   Tunicaia  should  not  form  a 

ninth  hnirirlu  and  Htand  next  i>elow  the  Vertebrates. 

HoMH'  authfjrK  nttain  the  four  types  of  Cuvier,  but  it 
ihotiM  ho  renienibored  that  eince  Ciivier*s  classification  was 
)iropo»»od  in  \HVl  mir  knowledge  has  been  greatly  extended. 
The  microMoopQ  luis  revealed  an  immense  mass  of  new  mi 
cronctopir*  fiirnM,  antl  many  facts  regarding  the  stnicture  am 
iliiveIo]imcnt  of  the  larger  forma.  The  embranchmenls  o! 
Ouvior  are  in  all  cases,  except  the  Vertebrates,  unwieldy,  het- 
«  I  itK,  and,  in  tlie  light  of  our  present  knowledge,  un- 

i'  ^  imimhhi^es  of  animals.     New  discoveries  do  away 

with  ohi  Kynlcnis,  and  the  classifications  adapted  by  differ- 
(Hit  autljorH  rc»pn»Hont  the  standpoint  from  which  they  re- 
gard t  hit  HyHtom  of  nature.  It  is  not  of  so  much  consequence 
to  (ho  Mtndt^iit  lo  kiiow  wlvut  the  system  may  be,  as  to  learn 
the  lt«inlinj(  fut^ts  of  aninud  morphology  and  development. 

Palmontologry* — With  a  thorough  knowledge  of  the  anat- 
omy of  animuN  and  ilieir  classification,  the  student  is  pre- 
pared to  Htudy  tlie  remains  of  extinct  animals,  to  restore  so 
far  a«  possible  their  forms,  and  to  classify  them,  With  a 
knowledge  of  tho  hard  parts  of  existing  animals,  and  of  the 
intoraf-'tion  of  the  tendons^  ligaments,  muscles,  and  bones, 
thu  pahi^ontologist  can,  in  accordance  with  the  law  of  cor- 
relation of  parts,  refer  fossils  to  their  respective  orders, 
families,  genera,  or  species. 

Zoogeography,  or  geographical  distrilmtion,  is  the  study 
of  the  hiws  of  distribution  of  animals  over  the  surface  of 
llic  earth  or  over  the  bottom  of  the  sea.  The  assem binge 
of  animals  inhabiting  any  area  is  eaUed  n  fauna.  Thus  we 
have  an  arctic  fauna,  a  tropical  fauna,  a  North  American 
fauna,  or  Australian  fauna.  The  fauna  of  the  ocean  is  sub- 
divided into  diiferent  subordinate  fauna?. 
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CHAPTER  I. 

BRANCH    I.— PROTOZOA. 


General  Charaoters  of  Protosoans. — Wo  can  imagine  Tie 
more  elementary  formg  of  life  than  certain  mt»mbera  of  this 
brunch,  whose  bodies  in  tlie  aimpleet  forms  are  merely 
masaea  of  albnmen*  without  any  distinct  permanent  organs, 
or  portions  set  apart  for  the  j>erformance  of  any  special 
functioiu  Tet  the  primary  acts  of  animal  life,  such  as  tak- 
ing foodj  its  digestion  and  assimilation,  and  reproduction, 
are  carried  on  as  effectively  by  these  lowest  as  by  the  high- 
est fonfia.  The  simplest  Protozoans  are  like  minute  dropa 
of  protoptajsm  or  albumen,  having  a  gliding  motion,  and 
eonstantly  changing  their  forms,  throwing  out  temporarily 
root-like  projections  called 
pseudopodia,  whicli  servo  to 
gather  food -particles.  Fig. 
T  illustrates  a  typical  Proto^ 
eoaiip  It  is  the  common 
Amoeba  of  standing  water. 
Most  Protozoans  are  provid-  I 
ed  with  a  central  organ  or 
nucleus,  which  correHponfl« 
to  the  reproductiTe  organs  of  the  many-celled  animals. 
The  Prot43zoa  are  one*celled  in  distinction  from  all  otlier 
animals*  from  the  sponger  to  man,  which  are  many-ceUed, 
though  it  isclaimed  that  a  few  ghelled  forms  (Rhizopods)  are 
compoBed  of  Boveral  indistinct  cells.  Thus  a  Protozoan  cor- 
responds  to  an  ^^g  or  to  any  one  of  tlie  cells  comjKjBing  the 
bodies  of  higher  animals.  They  may  be  naked,  as  in  PrQta- 
mwba  or  Amwba^  or  may  secrete  a  silieious  or  calcareous 
sliell.  The  Infusoria,  forming  the  highest  class,  are  quite 
compUcated,  with  permanent  cilia,  a  month,  throat»  repro* 
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(liictivG  niiolous,  and  Borerfll  contrActile  TesicleB,  rudely  an- 
ticipating th«  heart  of  higher  nFiimals,  Protozoans  repra- 
dtice  by  Belf-diviaion  and  the  formation  of  motile  genna 
(zoospores),  and  in  tlie  Infusoria  of  ciliated  young.  Tbere 
is  thus  a  gi'eat  range  of  forms  leading  from  the  most  primi- 
tive typo  {Pratammba)  to  the  most  speeialized  forms,  such 
as  tlie  boll  animalcule  ( VoriicsUa.) 


Class  L— Moxera  (Mojiera). 

General  Characters  of  Monere.— This  group  comprises 
the  simplest  forms  of  Protozoans,  wlienee  the  name  Monera 
(fioyf)pB^^  simple).  The  lowest  forms  are  almost  identical 
in  appearanct'  with  the  lowest  plantSj  and  they  can  only 
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l>e  claimed  to  be  animals  from  their  resemblance  to  higher 
forms  loiwling  to  Amwba,  which»  in  turn,  i^  connected  by  a 
series  of  forms  letuling  to  undoubted  animals,  suck  as  the 
shelled  Ehizopods  (Fig*  14). 

The  Monera  diflFer  from  the  Rhizopods  (Ammba,  etc.)  in 
wanting  a  nucleus  and  contractile  vesicles.  Their  body- 
substance  is  homogeneous  throughout,  not  dividetl  into  a 
tenacious  cutler  and  softer  inner  mass,  as  in  Ammba.  They 
move  by  the  contraction  of  the  body,  and  the  irregular  pro- 
tniaion  of  portions  of  the  body  forming  either  simple  pro- 
cesses (pseudopodia)  or  a  network  of  gelatinous  threads* 
The  fuiKi,  ns some  diatom,  desmitl.  or  protozoan,  is  swallowe*! 
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whole,  being  Barroanded  and  engulfed  by  the  body,  and  the 
protoplasmic  matter  is  then  absorbed,  serring  for  the  nour- 
ishment and  growth  of  the  Moner. 

The  simplest  form  known,  and  supposed  to  be  really  a  liying 
being,  is  Haeckel's  Frolamosba.  It  may  best  be  described 
by  stating  that  it  is  like  an  Anwba,  but  without  a  nucleus 
and  yacuoles  (or  little  cavities).  It  reproduces  by  simple 
self-division,^  much  as  in  4^i(Bba  (Fig.  11). 

In  Protomanas  the  body  is  very  changeable  in  form,  the 
psendopods  often  being  very  slender,  thread-like.  Fig.  8, 
A  represents  this  Moner  during  the  formation  of  the  young 
(s^K)8pore8)  in  the  cyst-like  body,  or  resting-stage  of  the 
creature ;  B,  one  of  these  germs  freed  from  the  cyst  and 
capable  of  moving  about  by  the  two  thread-like  pseudopo- 
dia ;  V  JD,  the  Amoeba-like  form  which  the  young  after- 
ward assumes,  and  which  at  maturity  passes  into  the  en- 
cysted orresting-stage  E, 

A.  still  better  idea  of  what  a  Moner  is  may  be  seen  by 
studying  the  Protomyza  aurantiaca  Haeckel. 

This  Moner  was  discovered  at  the  Canary  Islands.  It  is 
from  half  to  one  millimetre  in  diameter,  and  is  a  perfectly 
simple  mass  of  orange-red  jelly.  When  hungry  numerous 
root-shaped  threads  (pseudopodja)  radiate  from  the  central 
mass.  Fig.  9,  E  represents  the  Protomyxa  after  having 
absorbed  into  its  body-mass  a  number  of  shelled  Infusoria. 
When  about  to  become  encysted  {A  B)  it  rejects  the  shell 
of  its  victims,  retracts  its  false  feet,  and  soon  becomes  fast- 
ened as  minute  red  balls  to  the  surface  of  some  dead  shell. 

The  ball  becomes  enclosed  by  a  thick  covering  {A),  and 
then  the  contents  become  divided  into  several  hundred  small, 
round,  thoroughly  structureless  spheres,  which  become  germs 
{B).  The  germs  finally  burst  through  the  cyst-wall,  as  in 
C,  a,  c,  d,  and  assume  various  monad-like  and  amoeboid 
shapes,  and  finally  attain,  by  simple  additions  of  the  proto- 
plasm of  its  food  (dfatoms  and  infusoria),  the  adult  form 
{D  E).     Other  Moners  exist  in  fresh  water. 

We  have  been  dealing  with  the  simplest  living  forms,  be- 
ings showing  no  trace  of  organization,  much  lower  and 
simpler  than  the  Ainosba,  with  its  nucleus.     The  individual 
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Moner— 'for  example,  Prntainmba — is  simply  a  speck  or  drop 
of  transparent.,  of  ten  colorless,  viscid  fluid,  scareely  of  more 
consistency  than,  and  in  all  apparent  physical  characters 
identical  with,  the  white  of  a  hen's  ^^^.  And  yet  this  drop 
of  protoplasm  has  the  power  of  absorbing  the  protoplasm  of 
other  living  beings,  and  thus  of  increasing  in  size — 1.«,, 
growing  ;  and  in  taking  it-a  food  makes  various  movements, 
one  or  more  parts  of  its  body  being  more  movable  than 


I 

I 


ia,  a.  ^  iHUlug  from  the  tyiL    p,  a  yonu^ 

E^  mil  RfUiTcndiMing  or  •wallDWiug  Be?i*ml  nhfUixl  Iiifurariii. 


iHUlug  from  the  tyiL    A  a  yoim^'  rmtrim)  xn  rMAnllowliig  m  dJatom  (d). 

"  " '*  '  Aft«f  HMMJkel. 


others,  the  faculty  of  motion  thus  being  for  the  moment 
8pe*?ialized  ;  it  has  apparently  the  power  of  selecting  one 
kind  of  food  in  preference  to  another,  and,  finally,  of  repro- 
ducing its  kind  by  a  process  not  only  of  simple  selfdimion, 
bat  also  of  germ-production.  In  sliort,  we  may  say  of  the 
Moner  what  Foster  says  of  the  Amoba — vi2,,  (I)  it  is  con- 
ilU  ;  (2)  it  is  itntabh  and  automat ir  ;  (3)  it  is  f^oepiive 


^iff$ei 
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^mnd  assimilative ;  (4)  it  is  metabolie  and  seerelory  in  the 
[ise  that  the    Moner  digeate  and  separates  the  portions 
neoesttury  for  food  from  those  which  it  rejects  as  waste  ;  (5) 
10  n&piraloryf  the  changes  involved  in  taking  food,  es- 
cially  oxygen,  caosing  the  production  of  and  excretion  of 
Icarbonic  acid ;  (6)  it  is  reprodactive. 

It  is  difficult  to  conceive  of  a  simpler  form  of  life  than 
Ij^rolammba  or  Frotomonas.     Are  the  Moners  animaU  or 
Iplants,  or  do  they  represent  a  neutral  division  or  group  of 
|forms  ?    It  was  formerly  thought  that  AmtBha  was  the  sim- 
plest possible  form  of  life,  but  we  shall  see  that  that  animal 
[  an  undoubted  organism,  posseting  a  permanent  organ, 
I  the  nucleus.     Moreover,  the  Amoeba  intergrades  with  the 
[Dther  Bhizoj^oda  which  are  undoubted  animals,  while  the 
limplest  Monera  have  no  characters  which  absolutely  sepa- 
I  Diem  on  the  one  hand  from  the  plants  or  on  the  other 
the  animals.     Their  relation  to  the  plants  is  seen  in 
iie  fact  that,  besides  the  resemblance  to  the  lowest  plants, 
tcyst  of  Protomona^  is  composed  of  cellulose,  while  the 
inlar  contents  of  the  body  become  colored  with  chlo- 
rophyll^ 
For  these  reasons,  Haeckel,  the  discoverer  of  the  Monera, 
irds  them  as  neutral  beings,  neither  plants  nor  animala. 
Jut  by  comparison  with  other  Protozoa,  we  shall  see  that 
hf  Mttnera  only  differ  from  the  monads  and  Amwhm  by  the 
ice  of  a  nucleus.     This  may  yet  be  found  to  occur  in 
Monera,  and  from  this  fact  we  separate  the  group  only 
I  ppOTiBionally  from  the  Rhizopoda.     The  Oregarinm  also  pass 
Ithrongh  a  true  Moner-stage.       This    indicates    that    the 
iMonwra  are  allied  rather  to  animals  than  plants.     Another 
[point  of  difference  from  plants  is  the  fact  that,  like  the 
yAmmba,  they  engulf  living  plants  (deamids,  etc/)  and  ani- 
[jnals  (Infusoria),  the  only  plants  known  to  do  this  being  the 
[aingular  MyxafuyceleSf  whose  position  is  uncertain^  some 
naturalists  (AUman)  regarding  it  as  an  animal. 

It  is  prolmble  that  the  Monera  were  the  earliest  beings  to 

•  On  the  other  band,  ceUulose  occurs  in  the  integument  of  Tunicatea, 
I  ttod  Taiioits  parts  of  Articulates  and  Vertebrates,  while  chlorophyll 

I  IMSCtm  In  the  Infu^orin  nnfl  Hydra. 
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appeari  and  that  from  forms  re&embliug  them  aU  other  organ* 
iBnid  have  originated.  We  can  conceive  at  least  of  no  simpler 
ancestral  form;  and  if  organized  beings  were  originally  pro- 
duced from  the  cliemical  elementa  which  form  protoplasm, 
one  wottid  be  naturally  led  to  suppose  that  the  earliest  form 
was  like  Protummba.  It  would  follow  from  this  fact  that  the 
Monera  are  as  low  as  any  plants^  and  that  animals  appeared 
contemporaneously  with  plants. 

Having  studied  a  few  typical  forms  of  Monera^  we  are 
prepared  to  briefly  define  the  group  and  tiibulate  the  sub- 
divisions of  the  class. 


€?LASS  I.— MONERA  Hakckkl. 

0ng  qf  trtDurpartrU  protopiojim,  c&niaining  granule*,  wm$- 
a  net  iP&rk,  but  %tith  no  nudeu^  or  contractile 
eapabk  cf  automaticaUy  throwing  out  pamidopodia,  and  r0producinff 
mmpk  $dfdivimQn  of  ih^  body-mam  into  Uoa  indimhtait,  or  by  di\ 
ini9  a  number  qf  g^rnh^Uke  or  iporeMlm  ycfung^  ukkh  mcream  in  9A»  k$ 
ab»orption  (^  the  protopfaum  of  oilier  organrnM. 

Group  i .  Gpnnomoncm,  comprisiug  the  geoera  Protamceba.  Protog«liM, 
and  Myxodictyum,  which  do  do!  become  encyttad* 

(houp2*  Ltpomtm^ra,  which  become  encysted  and  protected  hj  a 
case,  as  Id  the  genera  Frotomonaa,  Protomjnta,  Varop^- 
rella,  and  Myxostrum. 


4 


Class  II. — Rhizopoda  {Raoi  Animalcules). 

General  Charactera  of  Bhi^opods. — An  idea  of  the  form 
ami  internal  structure  of  ifiu  group  can  be  obtained  by  a 
study  of  Amfehiu  which  may  be  foimd  sliding  over  the  sur- 
face of  the  leaves  of  plants  growing  in  pools  or  ponds  of 
fresh  water.  Our  common  Amwha  has  been  studied  by 
H.  J,  Clark,  Fig.  10  represents  this  animal  in  the  three 
more  usual  forms  which  it  assumes.  From  time  to  time 
the  sides  of  its  body  project  either  in  the  form  of  simple 
bolgings,  or  suddenly  it  throws  out  foot* like  projectiona 

*  Sbould  a  nucleus  1>e  found  horeafter  to  occur  (a  the  Honera,  tbo 
group  ahotild  be  merged  Inio  the   Wiito})oda,  and  placod   next  to 


A 
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(^adopodia)  from  varioa3  parts  of  the  body,   as  if   it 

were  falling  apart ;  then  it  retracts  theae  transpareut  foet 
IjUid  becomes  perfectly  smooth  and  rotrnded,  resembliug  a 
jjlrop  of  slimy,  mucous  mat-  , 

er.     The  body-mass  is  di- 
glided  into  a  clear  cortical  and 

\  medullary,  granular  mass  ; 

lie  outer  highly  contractile, 

be  inner  granular  portion 

cting  Tirtnally  as  a  stock  of 

Inese     granules^     iJke  ipft Jiaml  (l^uri*.  the  nii^^t  u-nnJ  fonn  ;  the 

grains  of  clilorophyll  in  ^i;^::;:^:^^ 

lo   cells  and  in  dia- *^«^*''***'^'8?«a«ii««.-Afu3rciark. 

mB  and  desmids,  circulate  in  regular^  fixed  current^^  the 

ITS  in  the  figure  indicating  tlic*  course  of  the  circulating 

The  mi  of  circulation  is  probably  assisted  by  a  con* 

tractile  vesicle  (or 
\'ac*uole)  usually 
present.  There  ia 
bejiid(*8  a  distinct 
oiu.iii  always  pres- 
ent, the  nuclens  (see 
Fig.  11),  so  that  the 
Amceba  earns  the 
right  to  be  called 
an  organism*  Its 
food  consists  of  one- 
celled  iilgai,  diatoms, 
desmiils,  zoospores, 
and  portions  of  fila- 
mentous algie,  and  it 
pcjsj^esses  the  power 
.  ^  ,      ,.  , .      of  disc  rim iiiatioti  in 

n^.  n.^Amcuba  tphfKrneoetus,    ^,  before  dJvtrton,    ^    ,  .        .      _       ,      ™, 
L  the  eame  ill  \\m  restlog  •*«««;  a,  cjet  or  cell-wnll;    taking  itS  lOOd.      i  UC 
1 .. »-. ..    .     ^. — 1 — .    J    Bucleoltii.     C,  Anitiflm 


\j  tllTideii,    >>.  two  young  Aincetw/tlieVwiuJl  o(   Auitebli  llUS  the  pOW- 


boily  raiuw:    c.   nuckiw: 
-jiHjr  tllTided,    />,  two 

icular  directions,   stretching  a  milUmetro  in  length  ;   it 

eelr<  i^priate  food,  and  can  engulf  or  swallow,  digest 

aud  u  i(_e  the  Jood  thus  absorbed  to  various  portions  of 


^4 
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ita  bodj.  The  Amcnba  reproduces  its  kind  by  simple  di* 
Tision,  as  seen  in  Ammba  ftphmrococcus  Uaeckel  (Pig,  11). 
This  species,  unlike  others,  so  fariis  known,  becomes  encysted 
{B),  then  breaks  the  C6ll*wall  and  becomes  free  as  at  A* 
Self-division  then  begins  as  at  (7,  the  nucleus  doubling  it- 
self, until  ^i  Da  and  Db  we  have  as  the  result  two  individ- 
uals. 

Ord»r  1.  Foraminifera, — Besides  Ammha^  several  other 
fonns,  either  nuked  or  shelled,  produce,  by  division  of  an  in* 
ner  portion  of  the  body>  numbers  of  ciliated  young,  as  in 
the  naked   Pelomyxa,    in  certain    many-chaml>ered  Fortt* 

mini/era,  and  in  Coilogphm" 
ra.  An  example  may 
seen  in  the  European 
mt/ja  palusiris  Greef 
1*^).  This  creature  lives  in 
the  mud  at  the  bottom  of 
fresh-water  pools,  and  when 
first  seen  resembles  little 
dark  balls  of  mud  a  milli- 
metre in  diameter.  Instead 
of  one  nucleus,  there  are 
numbers  of  them,  and  nu- 
merous contractile  vacuoles 
-.^fi'in  ihe  filled  with  a  fluid,  together 
T^t^  with  spicules.  The  young 
f.  °"*=**^*  are  at  first  amcBba-like  (B), 
originating  aa  '^  shining 
bodit^s,"  wliich  have  reaulled  from  the  self-division  of  the 
nnclei.  These  ammba-like  bodies  finally  assume  an  activo, 
monad-like  stage  C,  and  move  about  by  mcjuis  of  a  eilium 
or  huih, 

\\V  now  come  to  the  shelled  AmcBbfe^  or  genuine  Forami- 
nifera.  A  common  tj^io  is  Arcdla^  which  secretes  a  one- 
chambered  silicious  shell,  found  in  fresh  water,  and  m 
repreaentative  of  the  monothalumous,  or  one-chambered, 
titraminifmra ;  while  the  many-chaml>ered  forms  are 
marine,  of  wliieli  Ghbigtrina  bxdhidrn  (Pig,  13),  found 
floating  on  the  surface  of  the  ocean,  with  iU  p86udoi>odia 
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ber,  measures  about  one  fifth  of  an  inch  in  diameten     Most 

of  our  nafrivo  spcscios  iire  much  more  minute.  The  Eozoon, 
Bo-called-,  is  supposed  by  some  to  be  a  Foraminifer,  but 
others  regard  it  as  more  probably  inorganic^  and  eimplj  a 


tel  of  food!  dm%*n  Into  tliGcorltlcAl  1 
ft;  tf,  eentrBJ  parfDcbrniAtoiift  miie 
the  bcMlj  ;  d,  sotnis  ballet  of  food  Ktnff  tn 
th«  iMttr:  #»  p«ei]dmKxUa  of  Uie  cortical 
layer.— After  GegeiiMtir. 


Fig,  15.—^,  CoUofpharra  jffH 
nom,  with  projecting  conicaJ 
pointfft  contaliitiig  little  »pho- 
rold».  which  poM  Into  mooad* 
like  DodiM  C.  2>,  probably  an 
early  atagc  of  C*  A^  a  ycMitiff 
awiJf  ^  a  ZAMDKtyi  Kmier.- 
After  ClenkowBkL 


■^t"^ 


\ 


TUf.  17.— HtliopkfVvariabUiM.  A  aim- J 
animalotle,    ilKmtnig    the  p    —*— ^- 
DQcki,  iod  Tionolat.-'From  J 


mineral.     Undoubted  Foraminift^ra  occur  in  the  Silurian 
formation,  while  large  masses   of  carboniferous  and    Gre*| 

OUB  rocks  arc  formed  by  their  shells. 
fhder  2.   Pad  iota  Ha.— These  Khizopods  have  the  general 

3ture  of  Am<Bbce,  but  seorete  beautiful  ailicious  shells. 
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of  Taried  forms,  more  or  less  spherical,  perforated  for  the 
protrusion  of  the  pseudopodia,  with  often  spicules  or  points 
radiating  from  the  shelL  They  reproduce  apparently  by 
self -division  of  the  interior,  resulting  in  a  swarm  of  monad- 
like  yonng.  The  Heliozoa  are  represented  by  the  fresh- 
water Actinophrtfs  sol,  which  is  round,  with  numerous  stiff 
p6eudoi>odia  radiating  in  all  directions  from  the  body^  and 
by  Actinosphaerium  (Fig.  16).  The  true  marine  Radiolaria 
are  represented  by  CoUospluBra  spinosa  Gienkowski  (Fig.  15). 
It  possesses  a  perforated  shell  beset  with  small  spines,  which 
encloses  a  capsule  with  a  protoplasmic  walL  In  the  capsule- 
stage  {A)  it  often  divides  by  fission  into  two  halves.  After- 
ward the  older  capsule  divides  into  a  number  of  little  round 
bodies,  which  develop  two  lashes  as  in  (7« 


Class  U.— RHIZOPODA. 

UfUeeUular  organitfM  oontitUng  <f  praiopkum,  wWi  an  mtier  dear, 
tcrtical,  and  an  inner  granular  mass  containing  one  or  more  nuclei,  and 
one  or  m/rre  contractile  vacuoUi  ;  moving  by  means  of  pseudopodia,  and 
either  naked  or  secreting  a  one  or  many-chambered  shell ;  reproducing  by 
§df-division,  or  by  the  production  of  several  or  many  omaboid  or  monad- 
Wee  young. 

Order  1 .  Forcmunifera. — One-celled  RhizopodB  with  one  or  many  nuclei 
and  contractile  vacuoles,  secreting  chambered  calcareous  or 
homy  (chitinous  7),  rarely  arenaceous,  shells.  (Amoeba, 
Globigerioa,  Nummulina.) 

Order  2.  Hadiolaria. — Rhizopods  with  pointed,  branched,  usually  anas- 
tomosing and  granular  pseudopodia.  The  body  contains 
either  numerous  small  heterogeneous  nuclei,  or  a  single 
larger,  highly  differentiated  vesicular  nucleus.  The  pro- 
toplasm of  the  body  is  further  separated  into  a  peripheral 
non-nucleated  and  a  central  nucleated  portion  by  a  mem- 
branous capsule  with  porous  walls.  Reproduction  occurs 
by  the  breaking  up  of  the  body  into  monad -like  embryos, 
with  one  or  sometimes  two  locomotive  lashes  (flagella). 
There  are  two  divisions  :  iX)  Heliozoa  (Actinophrys,  Actino- 
sphserium),  and  (2)  Eadicla/ria  (or  Gytophora),  having  as  rep- 
resentatives Acanthometra,  Collozottm,  SphsBrozottm,  and 
Collosphffira. 


^^^^^^^1 
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Class  IIL— QREaABimoA  {Gregarims)*          ^ 

General  Cbara^terB  of  Gregarinida. — ^The   largest  and 
best  known  species  of  this  group  is  an   inmate  of   the 
intestinal  canal  of  the  European  lobster,  and  was  named 
by   R   Van   Beneden    Gregarina  giganiea   (Fig.    18).     It 
is    worm-like,    remarkably  slender,   and   is   sixteen    mil- 

B 

m 

much  etiluied;  A.  naclcos.  A*  ihoMuue  encjiitH.  9,  futMllvfMkiii  of  tbe  cyst.  C?.  diH* 
niou  of  die  contetits  of  cjal  Into  «mA]l  ii(>liec«».  obMrrod  In  wnothor  «|icci«iv    N,  th« 
»phi're0  enlarged.  M,  t^nt  filled  with  ji«i>udonftTiceU0.  0.— After  Lkberknbn.    D-^F. 
moncr  like  ymnm  of  0.  ffigarUta.    (7,  tf.jMeiidoaiftru  itaffo.    I,  J,  early  mtdMtea 

limetres  (oyer  half  an  inch)  in  length,  being  the  largest 
one-celled  animal  known.      In  this  organism  an  external, 
structtirelefis,  perfectly  transparent  membrane  with  a  double 
contour  can  bo  distinguished.     It  represents  the  cell-wall 
of  the  cells  in  the  higher  animalft.     Beneath  this  outer  wall 
is  a  continuous  layer  of  contractile  substance,  forming  a 
'Ystem  of  muBCttlar  tibrillae  comparable  to  that  of  the 
ia.     The  body-earity  of  the  Oregarina  contains  a 

• 
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riscid  fluid  holding  in  Buspension  ronnded  granules^  among 
which  the  nnclens  rests^  This  nnclens  contains  an  inner 
TMioIs  or  nucleolna,  which  strangely  disappears  and  then 
mppeaiv*  Van  Bencden  dlstingnishes  tliree  kinda  of  mo- 
tioDB  in  the  Gregorinsd  :  1«  They  represent  a  yerj  slow 
moTement  of  translation,  in  a  straight  line,  and  without  the 
possibility  of  distinguishing  any  contraction  of  the  walls  of 
the  body  which  could  be  considered  as  the  cause  of  the 
maTement.  It  seems  impossible  to  account  for  this  kind  of 
motion.  2.  The  next  kind  of  movement  consists  in  the 
lateral  diBplacement  of  erery  part,  taking  place  suddenly 
and  often  very  violently,  from  a  more  or  less  considerable 
part  of  itfi  body.  Then  the  posterior  part  of  the  body  may 
b^  often  seen  to  throw  itself  out  laterally  by  a  brusque  atid 
install ttmeons  movement,  forming  an  angle  with  the  anterior 
part.  3.  Owing  to  the  contractions  of  the  body^  the  gran- 
nies witliin  the  body  move  about* 

The  life-history  of  thisOregarina  is  as  follows  :  It  occurs 
in  '  -     '  !ftate  fix  lobsters  in  May,  June,  and  August,  but 

in  ;•  '  becomes  encysted  in  the  walls  of  the  rectum  of  its 
host,  the  cysts  (Fig,  18,  A)  appearing  like  little  white  grains 
of  th45  si«e  of  the  head  of  a  small  pin.  When  thus  encysted 
the  nucleus  disappears^  and  the  granular  coiit^nits  of  the 
eynt  divide  into  t^v^^asees  (B)^  like  the  beginning  of  the 
tegmentjition  of  the  yolk  of  the  higher  aiiimals.  The  next 
step  is  not  fignred  by  Vail  Beneden,  and  we  therefore  intro- 
duce some  figures  from  Lieberktihn  which  show^  how  the 
gtmntifaif  mass  breaks  up  into  spindle-shaped  bodies  (called 
by  some  authors  **  pseudoiiavicellae,"  and  by  Lieberkuhn 
**  psorosperms")  with  hard  shells.  After  the  disappearance 
of  the  nucleus  and  vesicle,  and  when  the  encysted  portion 
has  become  a  homogeneous  grannlar  masS|  this  mi^s  divides 
into  a  number  of  rounded  balls  (Fig.  18,  O).  Xliese  ballB 
consist  of  fine  granules,  which  are  the  spindle-shaped  bodies 
in  their  first  stage  (Fig.  18,  ^").  They  then  become 
spindle-shaped  (0)  and  fill  the  cyst  (Fig.  18,  J/),  the  balls 
having  meanwhile  disappeared.  From  these  psorosperms 
are  expelled  amoeba-like  masses  of  albumen  (D  E ),  which, 
as  Van  Beneden  remark^  exactly  resemble  the  Protamseba 


so 
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already  described*      This    moBer-like    being,   without    a 
nucknifi,  ta  the  joimg  Grogurina. 

But  soon  tlie  Amreba  characU^rs  arifie.  The  moner-like 
Lyomig  (Fig.  18,  D  E  F)  now  undergoefl  a  further  change,  lia 
^outrr  portion  l>oconies  a  thick  layer  of  a  brilliant,  perfectly 
bomogenoous  protoplasm^  entirely  free  from  graanlee,  which 
»iirrrnmcla  the  central  granular  contents  of  the  cytode 
(IIiK^ckel)  or  non- nucleated  cell.  This  is  the  Ara<Bba  stage 
of  the  young  Gregarina,  the  body,  as  in  the  Amceba,  con- 
sisting of  a  clear,  cortical,  and  granular 
medullary  or  central  portion. 

The  next  etep  is  the  appearance  of  two 
arm-like  projections  (Fig.  18»  F)^  com- 
parable to  the  psendopods  of  an  Amoeba. 
One  of  these  arms  elongates,  and,  sepa- 
rating, lormg  a  perfect  Gregarina,    Soon 
afterward  the  other  arm  elongates,  ab* 
sorbs  the  moner-liko  mass,  and  also  bdi 
comes  a  perfect  Gregarina.     This  eloi 
giited  stage  ia  cplled  a  Pseudofilaria  (Figl 
18,   G)  ;    no  nucleus   has  yet  appeared* 
In  the  next  stage  (Fig.  18,  H  w,  nucleus) 
the  body  is  shorter  and  broader,  and  the 
;'  nucleus  appears,  while  a  number  of  gran- 
it  ules  collect  at    one   end,    indicating    a 
older;  ii,  ur      i        «^;  head.      After  this  the  body  shortens  a 

hinder  jMin  of  the  hiKly;  .  ^     l^  i    ^i  i^^    •         x\ 

e,  iiueicii*,— After  Gegeo-  little  morc  (i,  J),  and  then  attains  the 
elongated,  worm-like  form  of  the  adult 


id.      I 


ftffn.      1. 
with  a  Wal.. 


fri  »ui 


Gregarina  (K), 
growth : 


Van  Beneden  thua  sums  up  the  phases  of 


1,  The  Moner  phase, 

2<  The  generating  Cytodo  phaaa* 

3.  Thti  Ps(vudofiliu*ia  phase. 

4.  The  Protoplast  (adult  Gregarina), 

5.  The  encysttiil  Gr<*gariua, 

6.  The  flporogony  phase  (producing  2008iK>rce), 
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ol  Proiaplasta.  Other  Gregarin»  are  very  minnte,  and  are 
]Nnflitic  in  insects  (Fig.  19)^  etc.,  and  vary  greatly  in  form, 
lome  being  apparently  segmented,  while  in  a  few  forms  the 
body  ends  anteriorly  in  a  sort  of  beak  armed  with  recnrved 
homy  spines.  We  are  now  prepared  to  adopt  the  following 
definition  of  the  class  : 


Class  m.— GREGARINIDA. 

Amaba4ike  Protcaoa,  more  or  Ism  eUmgated,  trith  a  dderminaU  edi- 
waU^ioUh  a  subcuticular  system  of  muscular  flbrUla,  %oUh  a  nucleus,  hut  no 
eontraeHU  tacuole  ;  reproducing  by  encysting  and  subdiwion  of  the  cen- 
tral mass  pf  the  body,  producing  sheUy  psorosperms,  from  which  escape  the 
wssmihUhs  young,  tehieh  undergo  a  metamorphosis  into  the  usually  tporm- 
shaped,  parasitie  adult  (Gregarina). 


Class  IV. — Infusoria, 

These  organisms  can  best  be  nnderstood  by  studying  rep- 
resentatiyes  of  the  three  orders  forming  the  class. 

Order  1.  Flagellata  (Monads). — ^A  familiar  example  of 
monads,  Oiiomonas  termo  Clark,  has  been  studied  by  H. 
J.  Clark.  His  description  will  suit  our  purpose  of  indi- 
cating the  form  and  habits  of  a  typical  flagellate  animalcule. 
It  somewhat  resembles  our  figure  of  Uvella  in  its  general 
shape,  being  pear-shaped,  faint  olive  in  color,  and  provided 
with  a  vibratile  locomotive  lash  orflagellum.  In  swimming, 
the  monad  stretches  out  the  flagellum,  which  vibrates  with 
an  nndnlating,  whirling  motion,  and  produces  a  peculiar 
graceful  rolling  motion.  When  the  monad  is  fixed  the  fla- 
gellum is  used  to  convey  food  to  the  mouth,  which  lies  be- 
tween the  base  of  the  flagellum  and  beak,  or  "  lip.*'  The 
food  is  thrown  by  a  sudden  jerk,  and  with  precision,  directly 
against  the  month.  '^  If  acceptable  for  food,  the  flagellum 
presses  its  base  down  upon  the  morsel,  and  at  the  same  time 
the  lip  is  thrown  back  so  as  to  disclose  the  mouth,  and  then 
bent  over  the  particle  as  it  sinks  into  the  latter.  When  the 
lip  has  obtained  a  fair  hold  upon  the  food,  the  flagellum 
withdraws  from  its  incumbent  position  and  returns  to  its 
former  rigid,  watchful  condition.     The  process  of  degluti- 
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The  first  sign  of  fisBioa  ia  a  bulging  out  of  the  collar, 
which  becomes  dtill  more  bell-shaped.  The  flagallum  next 
diappears.  Then  marks  of  gelf-dirision  appear  in  a  nar* 
ww^  slight  furrow  (Fig.  2l>  By  e)^  extending  from  the  front 
half  way  back  along  the  middle  of  the  body.  Meanwhile 
the  collar,  which  had  become  conical,  erpanda*  and,  most 
itriking  change  of  all,  two  new  flagella  appear.  Then  the 
eoUar  aplita  into  two  (Fig.  ^1,  (7),  and  soon  the  two  new  Codo- 
figa&  become  perfected,  when  they  split  asunder,  and  become 
like  the  original  Codoeiga.  Such  ia  the  usual  mode  of  mu\* 
tiplication  of  the  Bpecies  in  the  monads. 

A  few  monads  have  been  observed  to  become  encysted,  and 

to  break  up  into  excessively  minute  bodies,  from  which  new 

monads  have  grown.     Two 

indiriduah  of  the  same  form 

(Biatmnomiia)  in  certain  stages 

fbiteo    themseWes   together, 

the     larger    absorbing     the 

^•Jlar    a«    if    conjugating, 

lilM  Desmids,  the  compound 

body  resulting  becoming  en- 

cjrstM  ;  finally  the  contents 

of    the  cyst  become  divided 

mto  either  large  or  minute  icrSpfiti'^SS^pS^^^a^TAFf^^^^^ 


l,—N&c(Utt(9  mmarU.  tflcr  Hax- 
8^>^«»WI    iu^OSpOrea)    which    as-  ""*  G«»tJy m««nitot-Aftet Cicnkow#Jd. 


*^^^  ^^  Pi^rent  form.  The  researches  of  Messrs.  Dallinger 
JMia  Drysdale  on  Dallingtria  Dnmlali  prove  that  while 
j^o^S^*"^^®  ^orms  may  be  destroyed  at  a  temperature  of 
«„   -     ^*  •  ^he  motile  germs  of  this  and  five  other  species  of  Infu- 


j|^^^*^Hshed  when  heated  in  ttiiid  to  from  nr  F.  to  2fi8^  F. 
an  e^^^^^^  ^^^^'  ^^'  ^^  ^^^  proved  by  Oienkowski  to  be 


ejtiof 


imm^  ^"'^ons  monad.  It  is  a  highly  phosphorescent  organ- 
^f^  «nxall  m  scarcely  to  be  seen  with  the  naked  eye,  be- 
-^f.^  /^  *  ^  ^  ^^^  f'Ol  to  -04:  inch)  in  diameter.  It  occnra 
'^^'"'"^1^  ^mbers  on  the  aurface  of  the  sea.  It  has  a  nearly 
^'oii  ^'  J^«Ily-Iike  body,  with  a  groove  on  one  side  from 
6«|,,5^^^^.  a  curved  filament,  used  in  locomotion.  Newr 
i*li^^  ^}^  filani02it  is  the  month,  having  on  one  side  a 
^  y  ojection.    Connecting  with  the  mouth  is  an  oes- 
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ophagufi  which  passes  into  the  digesttre  cavity,  in  front  of 

which  lies  an  ovul  nucleus.  Beneath  the  outer  ekin  or  firm 
inenibrtine  eurronnding  the  body  is  a  gelatinous  layer,  con- 
taining numerous  granules*  A  network  of  granular  fibres 
arises  from  the  granular  layer ;  tliese  fibres  pass  into  the 
middle  of  the  body  to  the  nucleus  and  digestive  cavity*  The 
young  (Fig.  "Z%  n^  s)  result  from  a  division  or  segmentation 
of  the  entire  mass  of  the  protoplasm  of  the  body,  forming 
small  oval  boilies  with  a  long  liish.  The  zooapares  are  like 
those  of  other  Flagellaia,  and  for  this  reason  and  the  gen- 
eral structure  of  the  adult,  Noctiluca  is  by  the  best  author- 
ities associated  with  the  Flagellata,  Noctiluca  also  under- 
goes conjugation,  but  the  zoospores 
appear  whether  conjugation  has  oc* 
eurred  or  not.  The  Koctiluca  on  the 
coast  of  the  United  States  h^is  been 
observed  in  abundance  on  the  surfaee 
of  the  sea  in  Portland  harbor,  by  Mr. 
E.  BicknelL  It  is  phosphorescent^ 
but  whether  identical  with  Noctiluca 
niih'aris  of  the  European  seas  is  not 
known,  Lep(ofiiM'us  niedusoides  Hert- 
in   «     H  tori      ^^&*    ^^   discoida!    or  medusiform   in 

rfrhit*  Huik  iitianM  lo  a  shape*  the  disk  one  and  a  half  milli- 
iiuiit.g  hi  ktiotviikc  cimn-  metres  in  diameter.     VV  hen  disturbed 
iter""^'"*^^"^         it  darts  through  the  water  by  the  con- 
tractions of  its  umbrella-shaped  body. 
It  is  allied  to  Noctiluca  and  was  discovered  at  Messina. 

Pendinlurn  is  the  type  of  a  third  and  higher  division  of 
monads,  the  body  bciug  protected  by  a  hard  shell,  with  one 
or  more  ilagella,  and  a  row  of  cilia  serving  as  a  locomotive 
apparatus,  and  thus,  together  with  Ileterofnasiix  and  Dyti- 
teria,  connecting  the  Flagellata  with  the  Ciliata  or  true 
Infusoria, 

Ord*'r  2.  Teniaculifera  (Aeineta,  Suctoria),^ — An  Aeimtn 
(Fig*  23)  reminds  us  at  first  sight  of  a  Radiolarian,  since 
fl  ■  'Is  providnl  with  filiform,  tentacle-like  proeessos 
IV  ii^  the  pseudnpodra  of  a  Radiolarian,  but  the  ten- 

tiioles  are  in  reality  rather  stiff,  hollow,  and  act  as  suck- 
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^Bn,  eo  that  when  the  organism  haa  by  means  of  its  hollow 
urmB  or  tentacles  caught  some 
IjifuBorian^  the  arms  con* 
tracts  draw  the  victim  nearer 
b  the  Acineia,  and  when  the 
ncking  disk  at  the  end  of  the 
arms  has  penetrated  the  skin, 
the  contents  of  the  hody  of 
ibe  Inf  UBorian  are  sucked  into 
the  food-cavity  of  the  Acitu- 
ta;  on  the  other  hand,  in 
some  Acinet^  a  portion  of  the 
arms  are  simply  prehensile* 
These  animals  are  in  their 
adult  phase  quite  unlike  the 
Flagellaia  or  Ciliatu,  but  the 
young  are  developed  within 
the  parent  and  are  provided 
with  cilia,  heing  at  first  fret*- 
swimming,  and  afterward 
fixed  by  a  long  stalk.  The 
Acinetm  sometimes  self -di- 
vide, sending  off  from  the 
fi-^e  end  of  the  body  a  ciliated 
Acinete  ;  they  have  also  been 
seen  to  conjugate-* 

Order  3.  CUiata  (Infuso- 
ria).— A  common  type  of  this 
gronp  and  one  easy  to  obtain 
by  the  student  is  Farame- 
cium  (Fig,  24),  observed  in 
infnsions,  or  moving  rapidly 

over  the  bodies  of  larger  am*  view  from  tii*.  dofsdi  ^ia.  jh    ,  r.  ,i  in* 
mals  which  may  be  under  the  th*  monTh;  m\o  d  th" i \  '  pS 

microscope.     Figure  24  rep-  S^SJ'iSd^^" 
resents   Paramecium   eauda-  ^J^'^J^^h: 
turn  Ehrenberg.      This  ani- Jjjg^^™^^^»*^^^^ii^^'^^*^''^ 
malcule  is  a  mass  of  proto- 
plasm, representing  a  single  celL     In  the  body-mass  are  eic- 


n 
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tioE  18  then  carried  on  by  the  help  of  the  lip  alone,  whicli 

expands  hitterly  until 
completely  overliee 
particle.  All  this  is  daii4 
quite  rapidly,  in  a  few 
onds,  and  then  the  food 
glides  quickly  into  the 
depths  of  (he  body,  and  is 
enveloped  in  a  digestlTi 

Fig.  »-Mon*d.  (PWIa).-Aft*rTtttl«,       ^^^^^|^    ^^n^^.   ^j^^  ^^ 

sunies  its  usual  conical  sliape  and  proportions."  (ClarkJ 
All  the  monada  have  a  contractile  veaiole.  In  Mofiai 
iermo,  Clark  observes  that  it  is  **  so  large 
and  eonspicuous  that  its  globular  form 
may  be  readily  seen,  even  through  the 
greatest  diameter  of  the  body ;  and  con- 
tracta  m  vigorously  and  abruptly,  at  the 
rate  of  six  times  a  minute,  that  there 
eeems  to  be  a  quite  sensible  shock  over 
that  side  of  the  body  in  which  it  is  em- 
bedded." The  contractile  vesicle  is 
thought  to  represent  the  heart  of  the 
higher  animals.  The  reprodtictive  organ 
may  possibly  be  represented  in  Monas 
termo  by  a  **  very  conspicuous,  bright, 
liiglily  refracting,  colorless  oil-like  globule 
which  is  enclosed  in  a  clear  vesicle"  called 
tlie  nucleus.  This  and  other  monads  live 
either  free  or  attached  by  a  slender  stalk. 
As  an  example  of  the  compound  or  aggre- 
gated monads  may  be  cited  Uveila,  prol>- 
ably  glauconia  of  Ehrenberg.  Other 
forms,  as  Codosign,  m*e  fixed  by  a  stalk  to 
some  object  (Fig.  21,  C.  pulcherrimvs 
Clark).  In  this  and  allied  forms  the  body 
is  minnounted  by  a  collar  or  calyx  oat  of  c?  ^ 

which  the  flageUum  projects.     The  Co-  S^r^^^ta&S? 
dosiga  has  been  observed  by  Clark  to  nn-  •"•"After ctait 
deigo  fiseion,  two  independent  monada  resnlting,  within  I 
of  forty  minutes. 
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B  The  first  ai^  of  fission  is  a  bulging  out  of  the  collar, 
W  fhieii  becames  still  more  bell-shapecL  The  flagellom  next 
'  JwppearB*  Then  marka  of  self-dington  appear  in  a  nar- 
nm^  slight  fmroir  (Fig,  21,  J?,  e),  extending  from  the  front 
blf  way  back  along  the  middle  of  the  body.  Meanwhile 
tbe  caOkr,  which  had  become  conical,  expands,  and,  moat 
CTiking  cluuige  of  all,  two  new  flagella  appear*  Then  the 
Dollar  aplits  into  two  (Fig,  21,  C),  and  soon  the  two  new  Codo- 
llgB  become  perfected,  when  thej  split  asunder,  and  become 
likt  Ihe  original  Codosiga,  Such  is  the  usual  mode  of  mul- 
t^lbation  of  the  species  in  the  monads* 
Afrw  monads  hare  been  observed  to  become  encysted^  and 
break  ap  into  exc«aaively  minute  bodies,  from  which  new 

hmTe   grown.     Two 

lifidnaU  of  the  same  form 

liia)  in  certain  stages 

tbemselres   together, 

or     absorbing     the 

aa    if    conjugating, 

Deacnida,  the  compound 

kir  rBsnlting  becoming  en- 

rtM  :   finally  the  contents 

rwt    become  divided 

,  *       .         Fig.  SS.^JIMiliaAt  mmarU,  after  Biut^ 

I ur     large   or   minute  ler*  luid  its  no«|Mirea    «« vtyl*:  n^  nQGlo- 

_^^^.\    «!,*   L    --    o**  Qpe*tJy migiilftiwi,— After CJepkowricL 

tHtspores)  which  as*  ^^ 

»e  parent  form-     The  researches  of  Messrs,  Dallinger 

lale  on  Dallingeria  Drysdali   prove   that  while 

b#  mature  forms  may  be  destroyed  at  a  temperature  of 

motile  germs  of  this  and  five  other  species  of  Infu- 

.1  when  heuted  in  fluid  to  from  212''  F.  to  2*i8^  F, 

a  1  Fig.  22)  has  been  proved  by  Cienkowski  to  be 

u«.„4wua  monad.     It  is  a  highly  phosphorescent  organ- 

90  amall  as  scarcely  to  be  seen  with  the  naked  eye,  be- 

J  from  J  to  1  mm.  (-01  to  -04  inch)  in  diameter.    It  occurs 

I  grsal  numbers  on  the  surface  of  the  sea.     It  has  a  nearly 

ical  jelly-like  body,  with  a  groove  on  one  side  from 

tflsnea  a  curved  filament,  used  in  locomotion.     Near 

of  this  filament  is  the  mouth,  having  on  one  aide  a 

-liko  projection.    Connecting  with  the  mouth  is  an  co«- 
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ophagtia  which  passes  into  the  digestive  cavity,  in  froi 
which  lies  an  ova!  nucleus.  Beneath  the  outer  ekin  ar 
jDembrttne  surrounding  the  body  m  a  gelatinous  layer,  ( 
taining  numerous  granules.  A  network  of  granalar  fl 
arises  from  the  granular  layer ;  these  6bre8  pasa  intc 
middle  of  the  body  to  the  nucleus  and  digestive  cavity, 
young  (Fig-  2:^,  n,  s)  result  from  a  division  or  sogmenta 
of  the  entire  ma^^s  of  the  protoplasm  of  the  body,  fon: 
small  oval  bodies  with  a  long  lash.  The  zoospores  are 
those  of  other  Flagellata,  and  for  this  reason  and  the 
eral  structure  of  the  tidult,  Noetiluca  is  by  the  beet  aut 
ities  associated  with  the  Flagellata,  Noetiluea  also  on 
goes  conjugation,  but  the  zoos| 
appear  whether  conjugation  has 
eurred  or  not.  The  Noetiluea  or 
coast  of  the  United  States  has 
observed  in  abundance  on  the  stu 
of  the  sea  in  Portland  harbor,  by 
E.  BieknelL  It  is  phosphorest 
but  whether  identical  with  Nodi 
mil  tarts  of  the  European  seas  is 
known.  Lephdiinrtis  medusoidisl 
wig,  id  discoidal  or  medtisifom 
shape,  the  disk  one  and  a  hall  i 
metres  in  diameter.  When  distn 
it  darts  through  the  water  by  the 
tractions  of  its  umbrella -shaped  fc 
It  is  allied  to  Noetiluea  and  was  discovered  at  Messina* 
Peridininm  is  the  type  of  a  third  and  higher  dirisic 
momwls,  the  body  being  protected  by  a  hard  shell,  with 
or  more  flagella,  and  a  row  of  cilia  serving  as  a  loeom* 
appanitus,  and  thus,  together  with  Heteromastix  and 
ieriaj  connecting  the  Flagdlata  with  the  CHiaia  or 
Jnfusorin, 

Order  %  Tentaculifera  (Acinet®,  Suctoria), — An  Am 
(Fig,  23)  reminds  us  at  first  sight  of  a  Eadiolarian,  i 
the  body  is  provided  with  filiform,  tentacle*like  proo 
resembling  tlie  p«eudopodia  of  a  Radiolarian.  but  the 
tacles  are  in  reality  rather  stiffs  hollow,  and  act  aa  i 


wilti'lte  »Ulk  iKineliiid  to  « 
Iflant ;  with  ftft^'n  tJLtitftrkvi 
ending  In  kT»nt*-Ukc  etmn- 
ii1oD#  Off  puckcn.— From  Muc- 
Alltotor. 
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fls^  m  that  wben  tht 

UmmMB^  iktB  ami  otm- 
teeit  drmw  the  vicdm  nemmt 
a&iie  Acimeim,  and  vfaen  the 
addngdiikat  the  end  of  the 
Mm  luM  penetnled  the  ikm, 
at  eonteiitB  of  the  body  of 
itlnf aaoriaD  az^e  socked  mto 
liood-caTitj  ot  ibe  Acim- 
mi  Uie  otlier  hsad,  in 
aae  AcitMrUe  a  portion  of  the 
■Bi  ans  ciin|ilj  prehraniK 
aaimab  are  in  Omr 
pliaoe  qtiiie  trtilike  the 
or  Ciliaia^  liiit  the 
are  daveloped  within 
and  are  proridiKl 
betn^  at  fi  jat  free- 
inmmmgt  and  aftenrard 
ind  by  a  Icmg  stalk.  Th^ 
flometimea  self-dn 
lidi»  aendiDg  off  from  tht* 
faeand  of  the  body  a  dlialed 
ictael^  ;  they  hare  alio  been 
mm,  to  conjngata. 

O^d^  3.  Cawiu  (Info&o- 
ai^^i^A  commoQ  type  of  this 
pasp  and  one  emj  to  obtain 
If  ika  itadeni  ii  Paramg- 
wmm  (Fig.  24),  obeenred  in 
or  nioniig  impidlj 
'  the  bodies  of  hrger  mm- 
I  vhieh  taay  bo  nader  the 
Fignre  M  rep- 
Parameeium  eauda- 
hm  Skiainbefig.     This  ani* 


a  misB  of  proto* 
lapfaeentuig  a  stn^  eelL 


In  the  body-mass  an  ex* 


u 
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caTated  a  month  and  a  throat  leading  to  a  go-called  \ 
or  digestive  cavity.    Two  hollows  in  the  body  form  i 

tractile  vesicles,  1 
other  cavity  col 
the  reproductive^ 
Prolongations  of  4 
tnasg  form  the  citil 
characterize  the  I 
and  give  the  nam 
present  order,  ' 
Paramecium  haa^ 
gated,  oval  bod| 
one  end  (//)  flatti 
broader  than  thi 
and  twisted  abn 
third  way  round, 
the  flattened  pan 
bles  a  very  long  fij 
In  tliis  form,  as  n 
Stentor  (Fig,  !i5), 
remarks^  ''we  li 
mouth  at  the  bott 
broad  notch  or 
tiou,  and  the  co; 
vesicle  on  the 
side,  next  the 
Fig^A-^SMor  po^yniof|7Av«.miiin>im<<i  ij»  back,    whilst   the 

wu4  tte  olMMver;  11m  moiitlim,  ti«'Xt  ib«  «y«,  OATlty  Of   the  bodj 

SS,'S^i;,S!iS£t«iMJ.£?5.2Si  -"owa  in  the  figu; 

bodjr;  «•»,<•",  thZpcMicflor  prokmgmtteii  of  rw,  ^"^  ^^^  course  or 
to Oi*MMae;  r,fJ, ttiedrenlw  afid  mdUUng  ticlcs  of  indieo  wit 
bfaaehOT  of  wbAt,  by  Cl^rk^  wm  MjifMMed  u>  be  *    ,     .  . 

Jt.S^S11!L2rSL2S£?"ii"lu^  ^^*^  ^^^  *"*  "P^ 
ride.  It  %  poffiiiiocYyi  but  towwd  tb«  ey«  tt  «*,  *  *  as    they    are 

along,  by  the  larg« 

ing  cilttt  {v)  of  the  edge  of  the  disk,  against  the  ves 

the  month/'    Buring  the  circuit  the  food  is  dig 

mass  of  rg$ciamenia  is  formed  near  tb#  protnber 

which  liM  appeared  a  short  time  before.      Thii 
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opens,  ftllows  the  rejected  matter  to  -pBBA  out,  and  then 
closes  oyer,  leaTing  no  trace  of  an  ontlet.  This  and  other 
infusoria  seem^  then,  to  haTe  a  definite  digestive  tractj  hoi* 
lowed  out  of  the  parenehynia  of  the  body. 

"The  syBtem/'  says  Clark,  "  which  is  analogous  to  the 
blood*circulation  of  the  higher  animak,  is  represented  in 
Paramecium  by  two  contractile  vesicles  (cr,  cv^^  i,  ii,  iii), 
l«th  of  which  have  a  degree  of  complication  which,  per- 
haps, exceeds  that  of  any  other  similar  organ*'  in  these  ani- 
mals. When  fttlly  expanded  they  appear  round,  as  at  c  t^ ; 
but  when  contracted  they  appear,  observes  Clark,  as  "  fine 
radiating  streaks,  and  as  the  main  portion  leaseng  they  grad- 
aally  broaden  and  swell  until  the  former  is  emptied  aud 
Dearly  invisible,  and 

they    are    extended  •  *  '^ 

over  half  the  length 
of  the  body.  In  this 
condition  they  might 
be  compared  to  the 
arterial  vessels  of  the 
more  elevated  classcii 
of  animals,  but  they 

would     at    the    same       ^^  «  — Pfoc^jaa  of  flMian  Iq  Stentor  poi^marphu*. 

b^  •  new  Stmtar  budding  oat;  «« ready  to  Bep«t«ie  from 

time     represent     the    t^  o«1^tyy  oim;/,  Uie  two  m  »  contnctad  itA£e.— 

yeinSj      since     they 

serve  at  the  next  moment  to  return  the  fluid  to  the  main 
reservoir  again»  which  is  effected  in  this  very  remarkable 
way."     The  contents  of  these  vesicles  is  a  clear  fluid. 

The  reproductive  organ  in  Paramecium  is  a  small  tube 
(w),  only  seen  at  the  reproductive  period  when  the  eggs  {n) 
are  fully  grown.  Clark  says  that  the  eggs  are  arranged  in 
it  "  in  a  single  line,  one  after  the  other,  at  varying  dis- 
tances.'* It  usually  lies  in  the  midst  of  the  body,  and  ex. 
tends  from  one  half  to  two  thirds  of  the  length  of  t!ie  ani- 
mal. The  eggs  pass  out  from  the  so-called  ovary  through 
an  aperture  near  the  month.  Lasso-cells  like  those  in  the 
jelly-fishes  are  said  by  Biitschli  to  exist  in  an  infusorian 
named  by  him  Polykrikos, 

In  the  trumpet  animalcule  (Pig,  25,  Bientar  poltfmor- 
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p?im  Ehrenberg)  we  have  a  rather  more  complicated  form, 
tho  infuaomn  attaching  it^lf  atone  end  by  a  stalk,  and 
building  up  a  slight  tube,  into  which  it  contracts  when  dis- 
turbed.    The  Stentor  may  be  some  times  observed  multiply- 
ing by  sell-division*     Clark  observed  Stentor  polymorphuMl 
undergoing  the  process-     The  first  change  observed  was  the  ( 
division  of  the  contractile  vesicle  into  two.     The  mouth  of  1 
the  new  Stentor  was  formed  in  the  middle  of  the  under  side. 


Fir.  m^g^MlU^nUan*  1 
tikgSUf  magniM.    Tin  ^.  ou 


f  Ehr.,  A  «1nffl«.  numy-fcirkiMl  eoltmf  of  belt 

,  oil*'  of    r>i.<   .LiiinmU^iiU'*   muu>iilJli-4l   *^rft  ai 

vHrnif 
«,  ikd  depth  (ff  Uie  digeiilve  cit 
(Hnwtive  cm»o1  ;  ev,  mas  cooLrai.  l. 


first  appearing  as  a  shallow  pit^  around  which  ariiea  a 
circle  of  vibratile  cilia.  The  mouth  and  throat  form  in  tht 
new  Stentor  before  any  signs  of  division  apiJciir,  but  in  ihM 
course  of  two  hours  the  body  splits  aaunder,  and  two  new  in* 
dividnals  appt*ar.  Fig.  2<i  illustrates  the  mwle  of  self- 
division  seen  in  Stentor  pohjmorphus  Ehrenberg*  by  Hon. 
J.  D.  Cox.  The  process  in  this  occupied  two  hours  ;  at  tho 
final  stage  (Fig.  26,/)  the  connection  between  the  two  ani- 
malcules parted,  ''  and  the  two  Stentors  swam  separately 
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m?t  both  asgmnixig  the  common  form  of  the  animalcule 
when  free-swimming,  and  differing  from  the  original  indi- 
Tidiial  only  in  being  of  smaller  size." 

The  most  complicated  as  well  as  most  interesting  form  of 
iU  (bo  Infusoria  is  the  bell-animalcule,  Vorticella,  It  la 
ftrjeommon  in  pools^  forming  patches  like  white  mould  on 
he  leaves  and  stems  of  submerged  plants.  It  may,  like 
itor,  be  observed  under  low  powers  of  the  microscope, 
heir  motions^  as  they  suddenly  contract  and  then  shoot 
^tliair  bell,  mounted  on  a  long  stalk,  are  very  interesting. 
thfiMit  (oEuiophagus)  is  quite  distinct,  while  the  nucleus 
1  the  most  conspicuous  organ  of  the  body.  The  digestive 
is  a  large  hollow  in  the  protoplasm  forming  the  body- 
in  which  the  whole  mass  of  food  revolves  in  a  detcr- 
channeL  Closely  allied  to  Voriicella  is  Epistylis 
il  and  ^8). 

Whila  most  cLliate  Infusoria,  so  far  as  known,  multiply 
r  •eU-diTision,  in  Vaginicola  the  process  is  more  like  true 
imation  or  budding,  and  is  accompanied  by  a  process  of 
acTsting,  resulting  in  the  production  of  a  free-swimmiiig 
biUatod  embryo,  the  adult  Vaginicola  being  attached.  The 
n^rfieitJIei  also  becomes  encysted^  and  the  nucleus  subdivides 
Intil  the  body  liccomes  filled  with  monad-like  germs,  the 
U  of  the  simultaneous  breaking  up  of  the  nucleus.  The 
i  VoriieMm,  tben«  pass  through  a  flagellate  or  monad  stage, 
tram  which  they  pass  into  the  VorficeUa  condition,  when 
they  muhiply  by  self-division  and  by  budding,  the  last 
genaration  becoming  encysted. 

Conjugation  is  a  common  occurrence  in  ciliatc  Infusoria, 
•ml  riffolts  in  the  breaking  up  of  the  nucleus  of  each  indi- 
ridoal  into  a  number  of  fragments,  and  the  appearance  in 
each  of  the  individuals  of  the  nucleus  and  nucleolus  (either 
rini^a  or  multiple)  which  characterize  the  species.* 


H  «  Baltiiaai  belt 
^■erllfiiid  by  sper 
^BRUad^  and  Hei 
^piiafacier,  and  th 


•  l^n^g^ni  believes  that  tlie  dilate  Infuaona  have  eggs  which  nre 

by  spermatic  particles.    More  recently,  however,  Eiigelmamj. 

and  Hert^jg  have  denied  that  conjugation  is  of  a  truly  sexual 

V  and  that  the  Btriated  nucleoli  of  certain  individutil  Infusoria 

'*  Nevertheless/'  remarks  Huxley  (Anatomy  of  In 
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OuLss  IV. — Infusoria. 

Ftagdlatg  or  dUate  {mmetimes  only  dUak  in  the  eaH}f  wtoigm)  An^CoMtf^ 
ihs  body  noi  changing  inf&rm,  hamng  a  definiU  $kin,  and  often  ithaU^  0P 
partly  provided  mth  eUia;  umaUyfree^  domelitnet  $(<ilked  or  aUached;  lovll 
43  moulk'iypefdng  and  OKphagtu,  and  rudiment*  of  digestive,  drm^ 
knjf  (two  or  m&re  coiUr€bet3a  ^ideki^  and  reprodu^w<)Tgam{fmeUm  and 
mMMiif)«  but  wit/i  no  dutmeiMy  msual  organs. 

Order  L  J^tageUata. — ^Rounded*  oral,  or  peftr-BbAped  orgBnIsms.  ueuaUf 
cxceedinjjly  mioute^  prorided  with  one  or  two  flagella,  with 
ftQ  oral  regie  D,  into  wliich  p£u-tides  of  food  are  thrown  bf 
the  flagelltitii ;  with  a  nucleus  and  contractile  yasicles,  nrtif 
■talked,  and  wilh  a  calyx  j  sometimes  aggregated;  with  a  raw 
of  cilia  in  the  highest  forma  serving  aa  a  locomotive  appaiA- 
tus  ;  reproducing  by  self -division  or  by  segmentation  of  tba 
pfotoplaemic  contents  of  the  body,  the  young  being  mlnota 
oval  bodies,  provided  withaflagellum  (Monas,  HeteromitAi 
Koctiluca,  Peridinium), 

'^tkder^.  ThUaetilifsra  (Suctoria),  —  Naked,  not  ciliated,  pTOtozoaas^ 
with  long,  stiff,  retractile  arms  or  tentacles,  provided  witk  a 
■ucker  at  the  end»  tlie  arms  hollow,  conveying  the  f 
the  digestive  cavity  ;  oripnating  from  ciliated  young  ; 
by  self  division  tliro wing  off  ciliated  forms,  and  imde! 
conjugation  (Acineta), 

Order  H,  Offiata  (True  Infu8orta),^BcK]3r  free  and  covered  with  cQki 
ll^rameeium,  Slent&r,  etc.),  or  stalked,  with  the  cilia  coo* 
flned  to  the  head  end  ( Vnginieola  and  Vortiedla,  etc) ;  m 
well -defined  mouth  and  oesophagus  ;  a  digestive  cavity  and 
vent ;  a  large  nucleus,  and  two  or  more  contractile  vesiclei. 
Reproducing  by  self-division,  budding  or  conjugmtiiig, 
producing  monad^llke  young  by  self-divisjoa  of  ttM 
cleua ;  sexuality  doubtfully  indicated. 


The  following  diagram  representa  the   relatiro  poril 
of  the  orders  and  classes  of  Protozoa^  and  in  a  rude 
their  possible  genetic  relations  : 


vortebrated  Animals,  p.  602),  *'  It  is  still  possible  that  the  oonJugatliA 
of  the  Infusoria  may  be  a  true  sexual  process,  and  that  a  portion  of  tJi*  j 
divided  endoptastules  [striated  nucteoii]  of  each  miiy  play  the  part  of  1 
llie  spermatic  corpuscle,  the  conjugation  of  which  with  the  nucleus  of  | 
the  ovum  appears,  from  recent  researches,  to  caustitute  the  « 
of  the  act  of  Impregnation. " 


CLA88aWATtOif  OP  PkOTOJSOA. 
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?IBW  OF  THB  GLAflBinCATKnf  OF  THB  PbOTOSOA. 


(XUakL 
(Puameciiim.) 


TeniaeuUUa, 
CAdneU.) 


ISFUBOBIA. 


GBBOABnODA. 


BadioUvnti. 
CAetiDophiyi.) 


Foraminiftra, 

(BotiUU.) 


RmzopoDA. 


MOHEBA. 

LaboToiofry  Tr^ib.~None  of  the  Protozoa,  except  the  fihells  of  the 
JhramMfera  and  BadioUma,  can  be  well  preseryed  after  death,  and  it 
is  always  better  to  study  any  animal  alive  or  freshly  killed  than  when 
pfreseryed  in  any  sort  of  fluid.  Fresh-water  AmabcB  and  Monera 
should  be  looked  for  on  the  surface  of  leaves  and  the  stems  of  sub- 
merged plants  in  ponds,  pools,  and  ditches.  Many  fresh-water  Khizo< 
pods  dwell  in  sphagnum  swamps  and  in  damp  moss  or  in  shaded  pools. 
The  marine  forms  may  be  gathered  with  a  fine  towing  net,  when  the 
surface  of  the  ocean  is  calm.  The  conunoner  Foramimfera  will  be  found 
on  shells  and  stones  at  low-water  mark  or  in  shallow  water,  but  most 
abundantly  at  greater  depths-^.  0.,  from  ten  to  one  hundred  fathoms. 
On  being  placed  in  water  they  will,  after  a  period  of  rest,  send  out 
their  pseudopodia. 

To  study  their  form  and  development  they  should  be  placed  in  a 
drop  of  water  in  an  animalcule  or  aquatic  box,  and  kept  in  this  way 
for  several  days  and  even  weeks,  the  box  being  examined  daily,  and 
water  added  if  necessary.  The  shells  may  be  studied  by  grinding  and 
slicing  into  transverse  and  longitudinal  sections.  The  animals  of 
MSiata  and  other  forms  {BoUUia,  TexUUaria),  on  being  treated  with 
diluted  chromic  acid  and  stained  with  carmine,  disclosed  to  Hertwig  a 
well-marked  nucleus.  The  nucleus  may  also  be  deeply  stained  by 
luematoxyUn  or  carmine,  and  may  be  clearly  demonstrated  by  acetic 
acid,  which  tends  to  destroy  the  surrounding  protoplasm.  Much  in- 
genuity, mechanical  skill,  and  patience  is  required  in  the  study  of  the 
Protozoa,  and  much  yet  is  to  be  learned  regarding  their  mode  of  de- 
velopment and  tlieir  structure. 


CHAPTER  Ih 


BRANCH  IL— PORIFERA  (Sponges). 

General  Charactora  of  Sponges. — Although  the  spoi 
were  formerly  supposed  to  be  conipoimd  or  social  Am« 
and  more  recently  monads,  from  the  striking  resemb 
of  their  epithelial  cells  to  certain  monads,  and  have 
generally  regarded  as  Protozoans,  later  researches 
ahowB  tliat  they  are  in  reality  many *cel led  animals,  and 
for  a  ahort  period  of  their  life  they  follow  the  same  devel 
mental  path  us  the  higher  animals.  It  was  also  discovered 
that  tlioy  reproduce  hy  eggs,  the  latter  undergoing  segmeo^ 
tatioii  and  assumlDg  the  condition  of  a  three-layered  6ac» 
the  three  layers  being  identical  with  those  of  the  higher 
branches  of  the  animal  kingdom,  so  that  the  gap  between 
the  Protozoans  and  sponges  is  a  wide  one»  and  the  latter  ere 
more  nearly  allied  to  the  Hydra,  for  example,  than  to  any 
one-celled  animal 

One  of  the  simplest  sponges,  such  as  A  sect  fa  primordialis 
Haeckel,  is  a  spindle  or  vase-shaped  cylinder*  attached  hy  ita 
base,  with  the  cellular  soft  portion  supported  by  a  basket- 
work  of  interlaced  needles  or  spicules  of  &\\ex  or  lime.  The 
cells  are  arranged  in  three  layers,  the  innermost  (endodcrm) 
being  provided  each  with  a  cilium.  The  spicules^  and  alee 
the  eggs,  are  developed  in  the  middle  layer  {mesoderm). 
Moreover,  the  walls  of  the  body  arc  perforated  by  multitude* 
of  small  pores  (whence  the  name  of  the  branch,  Pori/er^)^ 
through  which  the  water  percolates  into  the  body-cavityt 
carrying  minute  forms  of  life  or  food-particles,  which  aro 
individually  thrown  into  each  cell  by  the  action  of  the  si 
cilium  tl  "ust  out  of  the  collar  of  the  cell,  much  aa  in  mi 
dividual     onad  such  as  Cod(^s%ga  (Fig.  21).     T&bc\x  cell 
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jects  its  own  waste  particle  of  food,  the  protoplasm  baTing 
been  preTioosly  absorbed,  and  tbe  waste  from  all  tbe  epi- 
thelial  cells  is  coUectiyely  expelled  from  tbe  single  ezonrrent 
orifice  {pseuluni),  tbere  being  many  pores  or  montbs,  and 
bnt  a  single  outlet  for  tbe  rejectamenta. 

Sacb  is  tbe  stmctore  of  one  of  tbe  simplest  sponges ;  tbe 
larger  common  sponges  differ  mainly  in  baying  a  less  defi- 
nite form,  witb  numerous  sacs  or  digestive  cayities  or  cbam- 
bersy  and  numerous  excurrent  orifices  or  oscula.  It  will  be 
seen,  tben,  tbat  we  baye  in  tbe  sponge  a  three-layered  sac, 
its  cavity  rudely  foresbadowing  the  gastrovascular  cavity  of 
tbe  Hydra,  but  witb  no  genuine  mouth,  the  pores  or  so- 
called  mouths  simply  allowing  tbe  sea-water  laden  witb 
sponge-food  to  fiow  in,  inflowing  currents  beiug  formed  by 
the  ciliary  action  of  the  digestive  cells,  and  the  excurrent 
orifice  permitting  its  exit. 

In  tbe  other  sponges  such  as  are  figured  in  this  chapter, 
tbe  structure  is  a  little  more  complicated  than  in  the 
Ascetta.  There  is  no  general  body-cavity,  with  a  contin- 
uous lining  of  epithelial  cells,  but  the  entire  sponge- mass  is 
permeated  by  large  canals  ending  in  oscula,  and  there  are 
innumerable  pores  (so-called  mouths)  leading  by  branching 
canals  to  little  pockets  or  cavities,  which  are  lined  with  the 
fiageUate,  collared  cells  developed  specially  from  the  inner 
cell-layer  (endoderm) ;  so  tbat  the  animal  is  myriad-stom- 
ached, so  to  speak.  Moreover,  tbe  middle  layer  of  cells  is  in 
many  sponges  greatly  thickened,  and  nearly  the  whole 
mass,  as  seen  in  tbe  common  sponge,  consists  of  spicules  or 
homy  fibres,  and  protoplasm,  through  which  the  excurrent 
and  incurrent  channels  meander.  Thread  cells  or  lasso- 
cells  like  those  hereafter  to  be  described  in  Hydra  have 
been  detected  in  the  sponge  named  Reniera. 

Let  us  now  follow  out  the  life-history  of  a  sponge.  The 
sponges  are  further  distinguished  from  the  Protozoa  in  pro- 
ducing eggs  and  spermatic  particles,  the  eggs  being  fertilized 
before  leaving  tbe  sponge.  The  egg  after  fertilization  di- 
vides in  two,  four,  eight,  sixteen,  and  more  spheres,  attain- 
ing tbe  mulberry  or  morula  *  state  (Pig.  29).     Thn.result  is 

*  Hm  tmoM  morula  wad  foitrtsia  are  used  in  this  bo(/^ -imply  for 
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the  formation  of  a  two  and  afterward  three-layered  sac,  cor- 
reBponding  to  the  gaMrula  of  tliu  higher  animals.  In  this 
state  (Fig.  30)  the  germ  breaks  out  of  the  parent  spooge  into 
the  sea.  Fig*  31  represents  the  development  of  the  common 
little  calcareous  eporge  {Sycon  ciliatum),  found  between 
tide-marks.  A  indicates  the  moruhi  with  the  segmentation- 
cavity  (c),  which  afterward 
disappears  as  at  B,  The 
gastmla  is  represented  at 
C^  and  consists  of  ciliat- 
ed and  non-ei  bated  large 
round  cells  ;  the  first  series 
fie.  ».-B««ment»Ucwi  of  iigg  of  sponge  formin^r  a  sort  of  arch,  with 

(/7afl#<»fwi).— After  CarUir.  r     n  •         .,  .  ,  ^, 

a  hollow  in  the  middle, 
around  which  a  large  nomher  of  very  fine  brown  pigment 
corpuscles  are  collected.  The  next  change  of  importance  is 
the  disappearance  of  the  eavitVi  the  upper  or  ciliated  half 
of  the  body  being  much  reduced  in  size.  Then  the 
round  cells  of  the  hinder  part  are  united  into  a  compa 
mass,  leaving  only  a  single  row.  The  ciliated  cells  are 
gradually  withdrawn  into  the 
body-cavity.  Fig.  31,  /?,  shows 
this  process  going  on.  At  this 
period  also  the  larva  becomes  ses- 
sile, and  now  begins  the  formation 
of  the  Rponge-spicules,  which  de- 
velop  from  the  non*eiliated  round 
cells.  Mctschnikoff  calls  atten- 
tion to  the  fact  that  at  this  early 
stage  the  Sycon  passes  through  a 
phase  which  is  persistent  in  the 

genus  Sycyssa.  The  layer  of  cil-  <?«"«/''«  raphanvsy.^Att/^r^Suike' 
iafced  cells  are  gradually  withdrawn  into  the  body-cavity, 
until  a  small  opening  is  left  surrounded  with  a  circle  of 
cilia.  These  cilia  finally  disappear,  a  few  more  spicules 
grow  out,  and  meanwhile  the  opening  disappears.  In  the 
next  stage  (represented  at  D)  a  considerable  body-cavity  ap- 

'eaience  to  avoid  circumlocutioD.    It  may  be  that  these  condltiotifl  ] 
be  fcmod  to  be  essentially  modified  in  different  groups  of  inimala. 
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pears  which  may  be  seen  through  the  body-walls*  At  this 
time  the  germ  consists  of  two  layers,  the  inner  layer  of  cili- 
ated cells  (endoderm)  forming  a  closed  sac,  enveloped  in  the 
rpiculiferous  layer.  Such  are  the  observations  of  Metschni- 
koff  on  the  development  of  Stjcon,  According  to  the  ob- 
serrationsof  Barrois,  the  larva  or  gaatrula  fixes  itself  by  what 
are  destined  to  be  the  ectodermal  cells,  and  which  are  the 
ronnd  non-ciliated  cells  forming  the  posterior  end  (Fig.  31, 
C)  of  the  free-swimming  gastrula.  About  this  time  the 
mesoderm  separates  from  the  endoderm,  either  before  or 
jnst  after  the  gastrula  becomes  stationary,  according  to  the 
group  to  which  it  belongs. 

When  the  young  sponge  becomes  stationary  it  does  nofc 
differ  from  the  gastrula,  except  that  it  becomes  more  or  less 


1^  d-'DevoiloiMneiit  of  a  sponge  (3y«opi  dt^atum},—Mt/^  MetsclmlkoJI. 

irregular  in  form-  Then  appear  the  food  or  digestive  cavi- 
ties  in  the  endoderm,  in  Sycandra  becoming  radiating  tubes 
lined  with  ciliated,  collared,  monad-like  cells  ;  or  in  Leucon 
and  HaUchondria^  and  their  allies,  forming  scattered  pock- 
ets, called  ^*  ainpullaceous  sacs  J*  In  most  sponges  (except 
some  calcareous  species)  there  is  no  general  body-cavity  in 
the  gastrula,  nor  in  the  young  after  the  larva  becomes  sta- 
tionary, according  to  Barrois.  After  the  formation  of  the 
ampnllaceotia  Baca  the  pores  open  through  the  mesoderm 
and  connect  the  sacs  and  ciliated  channels,  as  the  case  may 
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l)e,  with  the  outer  world*  Those  pores  may  open  and  Uien 
be  permaiientlj  closed,  new  ones  opening  elsewhere.  Th« 
osculum  bursts  open  by  the  accumulation  of  water  betweaa 
the  two  layers  in  the  same  manner  as  the  porcA  Finally, 
in  certain  sponges  the  homy  fibres  grow  out  from  the  outer 
cell-kycr  and  extend  inward,  surrounding  the  spicules,  the 
latter  developing  from  the  middle  cell-layer. 

It  ap]>ears,  also,  that  all  sponge  embryos  form  a  two  and 
afterward  three-layered  sac  (gastrula),  in  which  in  the  air 
plest  sponges  there  is  a  primitive  body*cavity  and  a  prim» 
itive  mouth,  while  in  the  higher  calcareouB  eponges  and  ia 
the  silieious  forms  the  body  -  cavity  is  only  temfiorarily 
open,  being  afterward  fiEed  up  by  the  interior  ciUated 
cells^  and  thus  forming  a  compact  mass. 

In  the  sponges,  also,  the  larva  or  fi-eeswlmming  yonng 
is  a  three-layered  sac,  which  is  either  hollow  or,  more  com- 
monly, solid,  and  may  attach  itself  at  the  end  of  itf  free- 
swimming  life  by  one  end  to  some  fixed  object  The  body- 
cavity  may  persist  in  the  simpler  forms  through  life,  tliough 
in  most  sponges  there  is  no  genuine  digestive  cavity,  but  a 
large  series  of  minute  digestive  sacs  communicating  by  canala , 
with  the  large  ones  leading  to  the  oscala.  The  more  or  le 
regular  spherical  form  of  the  young  of  most  spongee  beoooiQi ' 
lost  as  they  grow  ;  they  become  irregular  in  form,  eucriitl- 
ing  rocks,  and  their  development  retrogrades  rather  than 
advances. 

In  the  frejh-water  Spongilla  there  u  a  special  provision  foi 
the  maintenance  of  the  species.  In  autumn  are  formed  the 
80*callad  '^  seed,'^  being  capsules  in  which  are  enclosed  eggs 
which  in  the  spring  develop  young  spongee.  This  csyst  or 
capsule  may  be  compared  to  the  buds  or  winter  eggs  of  the 
PolytQU  or  of  the  water-flea  {Daphnia). 

From  the  members  of  the  next  branch,  the  sponges  differ 
in  the  great  irregularity  of  their  form,  the  lack  of  a  definite 
digestive  cavity  and  of  tentacles. 

Order  1.  CakUpong\m.—T]\^  sponges  may  conveniently 
be  divided  into  two  orders,  lliose  belonging  to  the  fimt 
secrete  spicules  of  lime^  and  there  are  no  digestive  or  ampul* 
laceoue sacs, but  the  minute  canals  are  lined  with  ciliated  oe% 
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sponges  north  of  New  York  is  Chalinula  oculaia  (Bower- 
bank)^  which  grows  in  long  slender  branches  on  the  piles  of 
wharves  and  bridges.  Allied  to  it  is  Axinella  (Fig.  Z%,  A, 
polypoides). 

Allied  to  TetheUf  which  is  sessile,  is  a  deep-sea  form  grow- 
ing on  a  long  stalk,  i.e.,  Styhvurdi^la  boreale  (Fig,  33).  At 
the  depth  of  100  fathoms  in  the  Qulf  of  Maine  occurs  a 
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PItf,  M.—Fh€rtmfma  Anmt^  hair  tmtnml  iiae,  witli etellAte  iitid  iincbor-llke  fptcQlc«i« 
niucB  enlirgwl.— After  L<?Uly. 

similar  species  {S.  longi^simum  Sars).  Fig,  34  represents 
a  fine  silicious  sponge  {Pheronema  Annm  Leidy)  from  the 
West  iBdies.  The  most  beautiful  of  all  silicious  sponges  ifl 
the  Venus'  flower-basket  (EuplechUum  aspergillum),  whidij 
liTes  anchored  in  the  mud  at  the  depth  of  about  10  fathoi 
4r  the  Philippine  Islands. 
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The  Cliana  bores  into  shells,  causing  them  to  disinte- 
grate. For  example,  Cliona  sulphurea  of  Verrill  has  been 
found  by  him  boring  into  various  shells,  such  as  the  oyster, 
mussel,  and  scallop ;  it  also  spreads  out  on  all  sides,  envelop- 
ing  and  dissolving  the  entire  shell.  It  has  even  been  found 
to  penetrate  one  or  two  inches  into  hard  statuary  marble. 

Of  the  marketable  sponges  there  are  six  species,  with  nu- 
merous varieties.  They  are  available  for  our  use  from  being 
simply  fibrous,  having  no  silicious  spicules.  The  Mediter- 
ranean sponges  are  the  best,  being  the  softest;  those  of  the 
Sed  Sea  are  next  in  quality,  while  our  West  Indian  species 
are  coarser  and  less  durable.  Our  glove-sponge  {Spongia 
iubuU/era  Duch.  and  Mich.)  corresponds  to  Spongia  Adriat- 
tea  Schmidt,  which  is  the  Turkey  cup-sponge  and  Levant 
toilet  sponge  of  the  Mediterranean.  Spongia  gossypina 
Duch.  and  Mich,  the  wool  sponge  of  Florida  and  the  Baha- 
mas, corresponds  to  S.  equina  Schmidt,  the  horse  or  bath 
sponge  of  the  Mediterranean. 


BRANCH  XL— PORIFERA. 

The  9ponge»  are  many-cdUd  ammal$,  tnih  three  eelUayers,  tnthout  a 
inu  digestive  cavity,  supported  uauaUy  by  ealeareoua  or  sUicious  epiculea, 
the  body-mass  permeated  by  ciUated  passages,  or  containing  minute  chanu 
bers  lined  by  eUiaied,  eoQared,  monad-like  cells.  No  true  mouth-opening, 
but  usually  an  irregular  system  of  inhalent  pores  opening  into  the  cell-lined 
chambers  or  passages  through  which  the  food  is  introduced  in  currents  of 
sea-water,  the  wade  particles  passing  out  of  the  body  by  a  single,  but  more 
usuaUy,  many  doaeal  openings  {oseula).  Sponges  are  hermaphroditie,  mul- 
tiplying by  fertilised  eggs,  the  germ  passing  through  a  morula  and  a  gastrula 
stage.    (The  characters  of  the  Class  the  same  as  those  of  the  Branch.) 

Order  1.  Caldspangia,  Animal  supported  by  a  framework  of  calcare- 
ous spicules,  disposed  in  lines  or  columns  at  right  angles  to 
the  waUs  ;  with  cell-lined  radiating  canals.    (Sycon.) 

Order  2.  Cameospongics.  Mesoderm  exceedingly  thick  ;  the  ciliated 
cells  restricted  to  cell-hned  chambers.  Either  no  solid 
framework,  as  hi  Halisarca,  or  usually  a  well-developed 
fibrous  or  silicious  framework.  (Spongilla,  Spongia,  Hya- 
lonema,  Euplectella.) 
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t  to  preserve  alive  In  aquiirm 
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sponge  ore  diJQculti  and  require  much  skill  and  long  training  in  bis^ 
tological  methods  The  gross  sinicture  of  sponges  may  be  studied  by 
crosa  and  longitudinal  sections  made  with  a  ra^or  or  kuiftk 
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BRANCH    III.— CCELENTEEATA  (Hydrotds,   Jellt- 
FisHES  AND  Polyps). 

General  Charaoters  of  Ckslenteratcs.— In  this  branch, 
whicli  is  represented  by  animals  like  the  Hydra  (Fig.  36)  and 
Tubularia  (Fig.  35),  the  body  consists 
of  two  cell-layers,  surrounding  a 
definite,  single,  digestive  cavity,  the 
mouth  of  the  cavity  being  surrounded 
by  a  circle  of  tentacles,  which  are  hol- 
low and  connect  directly  with  the 
stomach.  The  latter,  however,  is  only 
partly  differentiated  or  set  apart  from 
the  body,  hence  the  name  CcBleiiterata 
(Greek,  koiXo^,  hidden,  and  evrepoy^ 
digestive  tract).  From  the  stomach 
often  radiate  water-vascular  canals,  no 
blood-system  yet  appearing  thus  far  in 
the  animal  kingdom,  the  products  of 
digestion  reaching  the  tissues  from 
the  smaller  branches  of  the  primary 
water-vascular  canals.  The  nervous 
system  is  either  absent,  or  in  different 
grades  of  development,  from  the  iso- 
lated nervo-muscnlar  cells  of  Hydra 
and  the  scattered  nerve-cells  of  an 
Actinia,  to  the  continuous  ganglion- 
ated  nervous  ring  of  the  minute 
jelly-fish  such  as  Sarsia.  These  animals  display  a  striking 
amount  of  radial  symmetry,  the  organs  and  body  being  dis- 
posed in  a  radiate  manner  around  a  central  vertical  axis,  in 


Fig.  86.— AHydrold,  Tutu- 
karia.  m,  medara  badtf  ;  ct^ 
tentacles ;  p,  proboecis.^ 
From  Tenney's  Zoology. 
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part  formed  by  the  digiestive  tract.     The  Coolenterata 
sent  striking  examples   of  self-di vision,    gemmatioD^ 
alternate  generations,  and  very  great  extremes  in  degroe  of 
complexity  of  strticttiro. 

The  different  groups  have  a  high  geological  antiquity; 
thg  species  of  Hydroid  and  ooral-polypa  serving  as  time- 
marks  to  measure  off  geological  periods. 


Class  I, — Hydrozoa  {nijdroUh  and  Acalephs*) 

General  Charaoters  of  Hydrozoa,— An  excellent  idea  of 
the  general  stnicture  of  the  Hijdrozoa  may  bcohUined  from 
a  study  of  Hijdra^  the  type  or  example  of  tlie  whole  class,  all 
the  other  forms  being  but  a  modification  and  elaboration  of 
this  simple  type.  The  characters  of  the  class  as  a  whole  are 
based  on  what  is  found  to  constitute  the  structure  of 
Hydra. 

Order  1,  Hifdroidea, — The  animal  next  higher  in  struc- 
ture than  the  sponge  is  the  curious  Protohydra  discovered 
by  Greef  among  diatoms  and  sea-weeds  at  Ostend.  It  is  re- 
garded by  Greef  as  the  marine  ancestral  form  of  the  Coeli 
terates.  It  is  the  simplest  Coelenterate  yet  discovered, 
the  form  of  the  fresh -water  Hydra  is  familiar^  Protohydra 
may  be  best  described  as  being  similar  to  that^  except  thiit 
it  is  entirely  wanting  in  tentacles.  It  is  made  up  of  two 
layers  (an  ectoderm  and  endoderm,  no  meaoderm  having  yei 
been  discovered),  with  a  mouth  and  stomach  (gasiro- vascular 
cavity)* 

A  more  complicated  form  is  the  fresh -water  Hydra,  whi 
is  commonly  found  on  the  under  side  of  the  leaves  of  aqui 
plants*  There  are  two  varieties  of  Hydra  vulgaris  appar- 
ently common  to  the  fresh  waters  of  the  old  and  new  world ; 
they  are  Hydra  viridts  and  fusca.  The  somewhat  club- 
shaped  body  consists  of  two  layers,  the  inner  (endoderm) 
lining  the  general  cavity  of  the  body,  which  serves  both  ai 
month  and  stomach,  as  well  as  for  the  circulation  of  the 
nutritive  fluid,  and  is  called  the  gastro-vaacular  cavitj 
The  mouth  is  suriounded  with  from  live  to  eight  t€ntacl 
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which  are  prolongations  of  the  body-wall^  and  are  hollow, 
communicating  with  the  body-cavity. 

Such  is  the  general  structure  of  the  Hydra.  In  the 
ectoderm  are  situated  the  lasso-cells  or  nettling  organs,  be- 
ing minute  barbed  filaments  coiled  up  in  a  cell-wall,  which 
may  be  thrown  out  so  as  to  paralyze  the  animals  serving  as 
food.  While  the  endoderm  forms  a  simple  cell-layer,  the 
outer  layer  (ectoderm)  is  more  complex,  as  just  within  an 
external  simple  layer  of  large  cells  is  a  multitude  of  smaller 
cells,  some  of  them  being  thread  or  lasso-cells,  while  still 
within  are  fine  muscular  fibrillsB  which  form  a  continuous 
layer.  The  large  cells  first  named  end  in  fibre-like  pro- 
cesses, which  alone  possess  contractility,  and  are  thought  by 
Kleinenberg  to  be  motor-nenre  endings.  These  large  cells, 
from  combining  the  functions  of  muscle  and  nerve,  are 
termed  "  nervo-muscle  cells.  *'  The  little  cavities  between 
the  large  endodermal  cells  and  the  muscular  layer  (meso- 
derm?) which  lies  next  to  the  endoderm  are  filled  with 
small  cells  and  lasso-cells,  forming  what  Kleinenberg  calls 
the  interstitial  tissue.  From  this  tissue  are  developed  the 
eggs  and  sperm-cells. 

The  body  being  but  slightly  differentiated  or  set  apart 
into  special  organs,  the  Hydra,  like  other  low  creatures,  is 
capable  to  a  wonderful  degree  of  reproducing  itself  when 
artificially  dissected.  Trembley,  in  1744,  described  in  his 
famous  work  how  he  not  only  cut  Hydras  in  two,  but  on 
slicing  them  across  into  thin  rings,  found  that  from  each 
ring  grew  out  a  crown  of  tentacles;  he  split  them  into  lon- 
gitudinal strips,  each  portion  becoming  eventually  a  well- 
shaped  Hydra,  and  finally  he  turned  them  inside  out,  and 
in  a  few  days  the  evaginated  Hydra  swallowed  pieces  of 
meat,  though  its  old  stomach-lining  had  now  become  its 
skin.  We  shall  see  that  not  only  many  Hydroids,  Aca- 
lephs,  some  Echinoderms,  and  many  worms,  may  reproduce 
lost  parts  and  suffer  artificial  dissection,  but  that  self- 
division  is  a  normal  though  unusual  mode  of  reproduction 
among  these  animals,  as  well  as  in  the  Protozoa,  which 
may  also  be  made  to  reproduce  by  artificial  division,  as 
Ehrenberg  cut  an  infusorian  into  several  pieces,  each  fra 
ment  becoming  a  perfect  individual. 
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The  process  of  bndding  13  bat  a  modification  of  that  in- 
volved in  natural  Belf-divigion,  and  it  is  carried  on  to  a  great 
Client  in  Hjdi*a,  a  much  larger  number  of  individuals  being 
produced  in  this  way  than  from  eggs.  Our  figure  (36) 
ahowB  two  individuals  budding  out  from  the  parent  Hjdra ; 

the  smidler  bud  (a)  ia 
a  aimpJe  bulging  out 
of  the  body-walK  the 
bud  enveloping  a  por- 
tion of  the  stomachy 
until  it  l>ecomes  con- 
Btricted  and  drops  off, 
the  tentjicles  mean- 
i?hile  budding  out 
from  the  distal  end, 
and  a  mouth-opening 
arising  bftwecn  them, 
as  at  c.  Budding  in 
the  Hydra,  the  Acti* 
nia,  and,  in  fact^  all 
the  lower  animals,  14 
simply  duo  to  an  in- 
crease in  the  growth 
and  multiplication  of 
cells  at  a  iii])ecial  {K)int 
on  the  outside  of  the 
body>  while  the  asex- 
ual mode  of  reproduc- 
tion in  the  Aphis  and 
a  few  other  insecta 
results  from  the  mul* 
tiplication  of  ecUa  at 
a  particular  point  (the 
ovary)  in  the  inside  of 
the  body.  Thus  ParihenogemBU  or  AfjamogenuU  ia  analo* 
gous  to  the  ordinary  mode  of  budding.  Eh  re  n  berg  first  showed 
that  the  Hydra  reproduces  by  fertilized  eggs,  Eteinenberg 
describes  the  testis,  which  is  lodged  in  the  ectoderm »  and 
which  develops  tailed  spermatozoa  like  those  of  the  higher 


Fig.  M.—n\/^fn  fijsta.  with  two  yonrtf;  {a  a  liud- 
4UMn«im  11;  &,  tlM*  bare:  «.  iJ»e  (imwtw  cavitjr;  i. 
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MiimidH,  They  arise,  as  in  other  higher  animals,  from  a 
self-diyision  of  the  nuclei  of  the  testis-cells.  There  is  a  true 
oTary  formed  in  the  same  interstitial  tissue  of  the  ectoderm, 
consisting  of  a  group  of  cells,  which,  Eleinenberg  states, 
differ  entirely  in  their  mode  of  formation  from  the  ovaries 
(gonophores)  of  the  marine  hydroids,  which  are  genuine 
buds. 

It  thus  seems  that  Hydra  is  monoecious  or  hermaphro- 
dite— t.e.,  the  sexes  are  not  distinct.  The  egg  of  Hydra 
originates  from  the  central  cell  of  the  ovary. 

There  is  a  true  segmentation  of  the  egg.  The  young 
Hydra  thus  passes  through  a  true  morula  stage;  There 
is  an  outer  layer  of  prismatic  cells,  forming  the  surface  of 
the  germ,  and  surrounding  the  inner  mass  of  polygonal 
cells.  At  first  none  of  these  cells  are  nucleated,  but  after- 
ward nuclei  appear,  and  it  is  an  important  fact  that  these 
nuclei  do  not  arise  from  any  pre-existent  egg-nucleus. 

The  next  step  is  the  formation  of  a  true  chitinous  shell, 
enveloping  the  germ  or  embryo.  After  this,  Eleinenberg 
asserts  that  the  cells  of  the  germ  become  fused  together, 
and  that  the  germ  is  like  an  unsegmented  egg,  being  a 
single  continuous  mass  of  protoplasm. 

The  remaining  history  of  Hydra  is  soon  told.  In  this 
protoplasmic  germ-mass  there  is  formed  a  small  excentric 
cavity  ;  this  is  the  beginning  of  the  body-cavity,  which 
finally  forms  a  closed  sac.  After  several  weeks  the  germ 
bursts  the  hard  shell  and  escapes  into  the  surrounding  wa- 
ter, but  is  still  surrounded  by  a  thin  inner  shell.  After  this 
a  clear  superficial  zone  appears,  and  a  darker  one  beneath, 
which  is  the  first  indication  of  the  splitting  of  the  germ  into 
the  two,  afterward  three,  definitive  germ-lamellae,  common 
to  all  animals  except  the  one -celled  Protozoa. 

The  embryo  soon  stretches  itself  out,  a  star-shaped  cleft 
appearing,  which  forms  the  mouth.  The  tentacles  next  ap- 
pear. "Hie  animal  now  bursts  open  the  thin  inner  shell, 
and  the  young  Hydra  appears  much  like  its  parent  form. 

There  is,  then,  no  metamoi-phosis  in  the  Hydra  ;  no  cili- 
ated planula,  as  in  many  other  Hydroids.  The  adult  fornj 
is  thus  reached  by  continuous  growth, 
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It  will  be  seen,  to  antieipate  somewhat,  that  the  Hydra^ 
exactly  as  in  the  vertebratee,  including  man,  arises  from  an 
egg  developed  from  a  true  ovary,  which,  after  fertilization, 
passes  through  a  morula  stag©  ;  tliat  the  germ  consists  at 
first  of  two  germinal  layer?,  while  from  the  outer  layer,  ai. 
probably  in  the  vertebrates,  an  intermediate  or  nervo-mus- 
cukir  layer  is  formed,  which  Allman  thinks  is  thehomoloj 
of  the  middle  germ -lamella  of  the  vertebrates  (mesodi 
Buppoeed  to  have  originally  split  off  from  the  ectoderm. 

In  all  the  other  Hydroids  the  sexes  are  separate,  and  W0 
for  the  first  time  in  the  animal  kingdom  meet  with  iwa 
Borts  of  indiTidiials — $*e.^  males  and  females. 


Fl^.  87.--<;o1onj  tuf  Bydnustinia  tekinaita  on  ft  uli^ll  t4?&iint«d  by  »  h«nzt)t  cmb, 
ftfttural  dse.— From  BreEm't  TlilertotMii. 

The  simplest  form  next  to  Hydra  is  Hytlractima,  in 
which  the  individual  is  differentiated  into  three  sets  of 
zuoids — i.e.,  a,  hydra-like,  sterile  or  nutritive  zooids  ;  ^and 
(7,  the  reproductive  zooids,  one  male  and  the  other  female, 
both  being  much  alike  externally,  having  below  the  short 
nidimentary  tentacles  seTeral  spherical  sacs,  which  pro- 
duce either  male  or  female  medusae.  These  medasa-bodB 
(gonophores)  are  in  structure  like  the  free  medusaB  of  Co- 
tffm.  The  marine  Hydroids,  then,  are  usnallj  seiui^lj 
tinct,  growing  by  colonies,  which  are  either  male  or 
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HydrtMeiinia  echinaia  (Fig.  37)  forms  masaes  (each  called  a 
hydropliyton)  encrusting  ehells. 

In  Clava  the  reproductive  buds  remain  permanently  at- 
tached*  It  grows  in  pink  masses  on  Fucoids,  about  half  an 
inch  high,  and  is  Tery  common  on  our  shores.  It  is  repre- 
sented in  fresh  water  by  Cordylophora  Imuairis  All  man, 
which  liTeaattached  to  rocks  and  plants  in  Europe  and  this 
country. 

Here  comes  in  the  group  of  Hydroids  represented  by 
Millepora  and  Stylaster^  which  were  formerly  considered  to 
be  Anthozoan  corals.  By  the  researches  of  L.  Agassiz  in 
1859,  and  H.  M.  Moseley 
in  1876,  Millepora,  which 
had  been  confounded 
with  the  coral  polyps, 
has  been  proved  to  be  a 
Hydroid  allied,  as  Agas* 
siz  stated,  to  HydracH- 
n ia.  Like  that  Hydroid, 
it  forms  a  calcareous 
encrusting  mass,  but  of 
much  greater  extent,  a 
considerable  proportion 
of  the  coral  in  the  Flori* 
da  reefs  being  formed 
by  the  Millepora,  Our 
American  species  is  Mil- 
lepora alcicornis  Linn., 
while  our  description  is  taken  from  Moseley's  account  of 
Millepora  nodosa  Esper,  (Fig.  38).  Its  generic  name  is  de- 
rived from  the  numerous  pores  or  calicles  dotting  its  surface 
and  arranged  in  irregular  circular  groups,  consisting  of  a 
central  calicle,  or  cup-like  hollow,  with  from  live  to  eight 
smaller  calicles  arranged  around  it.  The  maas  of  the  coral, 
or  hydrophyton,  consists  of  fibres  (or  trabecular)  of  lime, 
forming  a  spongy  mass,  traversed  in  all  directions  by  tor- 
tuous canals  which  **  form  regular  brandling  sysfrems  with 
main  trunks,  giving  off  numerous  branches,  from  which 
arise  secondary  branches,  and    from  these   again   smaller 


^g.    tB,—iRUtpora   nodosa,      a,   nutdilve 
soold  %  b,  reproductive  «oold  ;  e.  laeco-ceil ;  d, 
ne  cou«d  m 
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ramifications.  The  whole  canal  Bjstem  is  connected  to- 
gether by  a  freely  anastomosing  mesh-work  of  smaller  Tea- 
sels, and  conmuinicates  freely  by  numerous  offsets  with  the 
cavities  of  the  calicles/*  As  the  animuls  increase  in  num- 
bers and  die,  the  coral  stock  increases  in  size,  the  layer  con- 
taining the  living  animals  forming  a  thin  film  only,  the 
bottom  of  the  little  cnps  or  pores  forming  a  table  or  plat- 
form, wlience  the  term  Tabulate,  originally  applied  to  thia 
group,  the  old  calicles  being  divided  by  a  series  of  trans- 
verse plates  or  laminse,  sepamting  them  into  series  of  cham- 
bers. Moseley  shows  that  the  corallum  of  Millepora  is  dia- 
tinguisbed  from  all  other  coral  la  by  its  systems  of  canala 
branching  in  an  arborescent  manner,  while  the  tabulate 
fitmcture  occurs  in  certain  Alcyonaria,  Zoantharia^  and  in 
other  llydroida;  hence  the  group  Tabulata,  as  previously 
stated  by  Verrill,  is  an  artificial  one. 

The  animals  of  the  Millepora  are  of  two  kinds  ;  those  in- 
habiting the  central  cup  or  pore  are  shorty  thick  zooidfl, 
with  a  mouth  and  four  tentacles,  and  only  hall  a  milli* 
metre  in  height ;  those  in  the  smaller  pores  are  longer  and 
slenderer^  about  one  and  a  half  millimetres  in  height^  with 
from  usually  five  to  twenty  tentacles,  situated  at  irregular  in- 
tervals from  the  base  to  the  summit  of  the  body.  The  body 
cavities  of  the  zooids  end  in  blind  sacs  at  the  bottom  of  the 
cup,  but  are  continuous  beyond  with  the  canals  of  the  hy- 
drophyton,  the  latter  being  defined  by  Allman  as  forming 
in  the  Hydroids  **  the  common  basis  by  which  the  sevend 
zooids  of  the  colony  are  kept  in  union  with  one  another." 
As  we  know  nothing  of  the  mode  of  reproduction  of  Mille* 
pora,  we  must  leave  it  for  the  present  near  Htfdracitnia,  to 
which  the  adult  animals  are  nearest  related.  Moaeley  al«0 
discovered  ihtktSlylaster,  a  beautiful  pink  coral  which  growg 
at  Tahiti,  with  the  Millepora,  is  in  reality  a  Ilydruid,  and 
not  a  true  coral  polyp,  as  has  always  been  supposed.  Th«t, 
finally,  Millepora  is  a  true  llydroid  is  proved,  Moseley  thinkip 
by  the  peculiar  structure  of  the  hydrophyton,  the  forms  ol 
the  jEooids,  the  absence  of  all  trace  of  mesenteries,  the  ap- 
parent septa  present  in  the  tentacleii,  and  by  the  preeence 
of  tliread-cells  of  the  form  ]ieculitir  to  the  HydtQM^HU    The 
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linng  liSkfp&nL,  vnlen  handled  witih  great  care,  eeverely 
stingB  the  himd  of  the  collector. 
We  now  come  to  Hjdroids  which  throw  off  a  free  naked- 
eyed  medusa  from  the  hydrarium  (Fig. 
39).  From  the  centre  of  these  free 
bell-shapedy  minute  jelly-fishes  depends 
a  hollow,  open  sac  called  the  manu- 
brium,  the  cavity  of  which  (stomach) 
opens  into  usually  four  canals,  which 
radiate  from  the  hollow  or  stomach  in 
the  centre  of  the  disk  and  communi- 
cate with  a  canal  following  the  margin 
of  the  disk.     This  is  _ 

the  water-vascular  sys- 
tem, communicating 
directly  with  the  gas- 
tro-vascular  cavity,  or 
stomach.  Four  tenta- 
cles hang  from  the 
disk,  and  simple  eye- 
spots  and  otolithic  sacs  (simple  ears)  are  usu- 
ally present  and  situated  at  regular  inter- 
vals around  the  edge  of  the  disk.  Such  is 
the  typical  form  of  all  the  free-swimming 
Hydroids.  They  are  said,  in  a  few  cases, 
to  possess  a  well-developed  continuous  ner- 
vous system,  consisting  of  a  nervous  ring 
around  the  disk  (Romanes).  They  are  bi- 
sexual, the  ovaries  or  spermaries  being  de- 
veloped on  the  radiating  canals,  the  embryo 
escaping  into  the  surrounding  water  by  rup- 
turing the  walls  of  the  ovary. 

The  young  is  at  first  oval,  ciliated  all 
over  the  surface  of  the  body,  and  is  called  a 
planula.    The  planula,  as  in  MeUcertuviy  a  pig.  40.— Free  M6d» 
genns  allied  to  Campanularia,  and  a  type       ^^^Oi^nr^. 
of  most  marine  Hydroids,  at  first  spherical,  becomes  pear* 
shaped,  and  after  swimming  tfbout  for  a  time  attaches  itself 
to  some  oli^ect.    It  then  elongates,  a  horny  sheath  {pe' 


Fig.  SO.  —  Polyiiito  of 
C9rwMmind>UU,  with  abnd 
below  a,  and  mednsa-bod 
(gooofdiore)  at  a.  Mnchoi- 
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sarc)  forms  arooBd  it|  tentacles  arise  aroimd  the  mouth, 
finally  the  stem  branches,  new  Hydroids  ariBe,  until  a  hy- 
droid  community  (coDfiisting  of  trophosomes  and  gonosomes) 
is  formed,  and  in  the  following  spring  medusa-buds  (gono- 
phores)  arise,  which  become  free  (medusoids),  and  thus  the 
reproductive  cycle  is  completed.  The  developmental  hia- 
tory  of  this  Hjdroid  is  a  good  example  of  what  is  c-alled 
"  alternjition  of  generations.** 

Budding  occurs  in  the  medusa  of  Sania  proUfera^  in 
Hybocodon  prolifer  and  Dysmorphosa  fulguratis.  Mttl^ 
tiplication  by  fission  has  been  observed  in  the  medusa  of 
Siomobrachiuni  mirabile.  The  pendent  stomach  waa  seen 
by  Kolliker  to  divide  in  two,  becoming  doubled,  which  tot 
was  followed  by  a  vertical  division  of  tho  umbrella,  aepanit* 
ing  the  animal  into  two  indepeodent  halves,  Theae  again 
subdivided,  and  Kolliker  thinks  this  process  went  on  still 
further.  Hneckel  has  found  in  cutting  off  a  portion  of  the 
edges  of  the  umbrella  of  certain  ThaumanticB,  that  tho  frag* 
ment  in  a  few  days  became  a  complete  medusa. 
In  the  Tubularian  Hydroids  [Tuhularia^  Hybocodan,  Oh 
rymorpha,  Monocaului,  etc-,  Fig.  41), 
the  mode  of  reproduction  is  peculiar. 
From  the  medusa-buds  (sporosac)  ia  set 
free  an  embryo  (actinula),  which  awima 
about  or  creeps  on  its  tentacles,  mouth 
downward.  It  then  attaches  itself  by  a 
disk'like  expansion  of  the  posterior  end, 
which  forms  a  stem  until  the  original 
Tubularia  form  is  attained. 

A  gigantic  Manacaulus  having  aeaBile 
ovisacs,  measuring  neren  feet  four  inohat 
in  height,  and  provided  with  a  ^rown  of 
tentacles  nine  inches  across  from  tip  to 
tip  of  the  expanded,  non -retractile  ten- 
tacles, was  dredged  by  the  Challenger 
Expedition  at  the  depth  of  four  miloa. 
Allman  suggests  that  such  a  deep-sea  Hydroid  could  not,  on 
flcoount  of  the  darkness  and  pressure  of  the  water  at  snob  a 
groat  depth*  produce  free*8wimming  medussB.    In  Tkir^p§ii 
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there  is  no  trace  of  a  nervous  sretem  Bach  aa  exista  in 
JSarsia^  where  nerre-fibres  extend  around  the  margin  and 
along  the  radial  tubes  (Romanes). 

In  the  groups  of  Campanularm^  represented  by  Plumu- 
laria,  Sertularia,  Zygodadtjla,  Dtftiamena,  and  Campafiu- 
laria^  tlie  ectoderm  is  protected  bv  a  horny  or  ehitinous 
sheath  (perisarc)  enveloping  the  zooids.  The  Hydroids  re- 
tract^ when  disturbed^  into  small  cells  (hydrothecffi)^  arranged 
in  opposite  rows  on 
the  stalk  as  in  Sertu- 
laria  (Fig.  42),  or 
singly  at  the  ends  of 
the  stalksy  as  in  Cam- 
fkinularia,  while  the 
sheaths  {gonothecm) 
protecting  the  medu- 
aa-bads  are  distin* 
goished  by  their 
much  larger  size  and 
cup-shaped  form. 

The  Sertolariana 
abound  on  sea- weeds, 
and  may  be  recogniz- 
ed from  their  resem- 
bianco  to  mosses* 
They  are  among  the 
most  common  objects 
of  the  seaside.  The 
medusae  of  these  and 
many  other  Hydroids 
can  be  collected  by  a 
towing-net,  and  emptied  into  a  jar,  where  they  can  be  de- 
tected by  the  naked  eye  after  a  little  practice. 

Graptolitaa.— More  nearly  allied  perhaps  to  the  Sertularian 
Hydroids  than  any  other  known  animiila  are  the  Gmptolites 
(Pig.  43),  which  were  most  abundflnt  in  the  Lower  8jkirian 
period,  and  lingered  as  late  as  the  Clinton  epoch  of  the  Upper 
Silurian-  In  Oraptoliihus  Logani  the  hydroid  colony  (hy- 
drosome)  is  a  long  narrow  blade,  with  a  row  of  cells  on  one 
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side  ;  in  C  pHstts  the  hydrosome  is  broader,  more  lanceo- 
late, and  the  sharp,  tooth^like  cells  are  arranged  on  both 
sides  of  a  median  stenL  In  Phtfllograptus  typus  the  hy- 
drosome is  broad  and  oval,  leaf -like,  the  serrations  of  the 
leaf  marking  off  the  cells,  which  are  apparently  supported 
on  a  central  axis.  The  group  also  has  some  affinities  to  the 
Polyzoa,  and  is  probably  a  generalized  or  synthetic  type  of 
animals. 

Order  2.  Discopkora, — We  now  come  to  medussB  whicli 
dlfter  from  the  Hydromedasae  in 
developing  directly  from  eggs ; 
In  having  usually  no  velum  ;  with 
branching  gastro- vascular  canalsi 
and  covered  sense-organs.  They 
intergriide,  however,  with  the 
Hy^droidea  by  the  members  of  the 
group  or  sub-order  TrachymedU' 
smt  represented  by  the  genera 
jEginda^  Oeryama^  etc*  These 
are  small  jelly-fishes,  with  often 
a  remarkably  long  proboscis 
(umnnbrium)f  as  in  Geryonia, 
and  with  either  four  single  radi- 
ating canals,  or^  in  addition,  as 
in  Geryonia^  a  number  of  smaller 
canals  on  the  edge  of  tlio  disk  ; 
or,  as  in  a  still  more  complicated 
form,  Charybdwn,  the  radiating 
canals  are  branched,  thus  con- 
necting this  group  with  the  true 
covered-eyed  Acalcphs,  such  as  Aurelia, 

0.  and  R,  Ilertwig  have  fully  confirmed  Haeckel'a  diaoov- 
cry  of  the  natui-o  of  the  nervous  system  in  tlie  G$ryomdm* 
They  find  that  the  nervous  system  is  developed  in  the  ecto- 
derm and  consists  of  two  **  ring-nerves**  around  the  edge 
of  the  disk,  formed  of  two  filaments,  one  lying  on  the  upper, 
the  other  on  the  under  side  of  the  velum,  immediately  iit  ita 
•ortion.  Prom  this  double  nervous  ring  filamentg  are  sent 
to  the  ganglia  near  the  sense-organs.    This  sort  of  a 
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nenrons  syBtem  is  present  in  the  jEquoridm  and  ^ginida, 
bnt  is  most  distinct  and  best  developed  in  the  Oeryonidm 
(Olossofiodon  and  Carmarina). 

The  Hertwigs  have  also  observed  in  these  TrachynemidaB 
organs  of  taste,  consisting  of  groups  of  long  stiff  hairs  at 
the  base  of  the  tentacles.  They  have  been  observed  in 
Rhopalonema  velatumy  Aglaura  nemistoma^  and  in  Cunina, 
where  the  hairs  are  shorter. 

The  eggs,  in  developing,  after  total  segmentation  (morala 
state)  pass  into  a  ciliated  planula  state  as  in  Aurelia,  there 
being  at  first  apparently  no  primitive  gastric  cavity ;  the 
body  of  the  embryo  or  planula  remains  spherical,  as  in  Oery- 
onia,  there  being  a  slight  metamorphosis  ;  or,  as  in  Poly- 
xenia  and  ^ginopsis,  where  there  is  a  decided  metamor- 
phosis, the  spherical  ciliated  planula  greatly  lengthens  out 
on  each  side,  the  body  becoming  boomerang-shaped,  each 
end  of  the  boomerang  becoming  an  arm  or  tentacle.  Then 
it  becomes  a  gastrula,  a  central  cavity  and  mouth  appear- 
ing. At  right  angles  to  the  two  primitive  arms  bud  out 
two  others,  and  finally  others  appear  on  the  lower  edge  of 
the  umbrella,  and  after  slight  changes  the  adult  form  is  as- 
sumed. Cunina  is  at  first  spherical,  then,  a  single  arm 
developing,  it  becomes  club-shaped  ;  finally,  the  full  num- 
ber of  arms  grow  out,  and  the  mature  form  results.  It  ap- 
pears, then,  that  in  the  mode  of  development  from  eggs, 
without  passing  through  a  hydra-like  condition,  and  in  the 
structure  of  the  body,  the  Trachymedusm  connect  the  cov- 
ered-eyed medussB  with  the  naked-eyed  or  Hydroidea.  The 
American  forms  are  found  from  Newport  southward.  A 
probably  exotic  fresh-water  form  (Limnocodium)  lives  in  a 
tank  (90**  P.)  at  London.  Cunina  has  been  found  by 
Haeckel  growing  on  the  columella  of  Oeryonia,  and 
McCrady  hae  fonnd  that  our  native  Cunina  is  parasitic  on 
Turritopsis,  a  hydroid  medusa. 

The  Lueemarimy  or  Calyeoxoa,  which,  according  to  Clark, 
form  an  order  of  Acalephs,  are,  with  Huxley,  regarded  as 
a  suborder  of  Diacophora.  With  essentially  the  structure 
of  the  Aurelia  and  allies,  Lucemaria  differs  in  having  the 
power  of  attaching  itself  by  a  sucker  on  the  smaller  end  of 
its  body  to  sea-weeds,  but  can  detach  itself  at  will  and  swim 
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like  the  Aurelia  by  alternate  eon  tractions  and  cxpatt* 
siona  of  the  nmbrelk.  We  will  now  enter  into  a  more  com- 
plete account  of  this  group  based  on  Clark's  eharact^sriza- 
tion.  The  disk  is  more  or  less  octagonal  or  circular,  um* 
brella,  funnel  or  urn-shaped,  the  end  opposite  the  mouth 
i'!iding  in  a  ptKlieeb  by  which  it  is  attached  temporarily  to 
sea-weed^.  The  month  is  square,  and  between  tlie  ectoderm 
and  endoderni  is  a  jt?lly-like  layer  constituting  the  muBculo* 
gelatiniform  layer  (mesoderm)  much  as  in  AureUa,  This 
layer  extends  into  the  tentacles  and  marginal  anchors,  as 
well  jis  into  the  pedicel.  TIjc  cavity  of  the  disk  is  divided  into 
four  ijiiadniTit  chambers,  separated  by  us  many  partitions, 
which  extend  from  the  month  into  the  lobes  nearly  to  the 
margin  between  the  teniiudes-  The  latter  are  arniuged  in 
eight  groups  or  tufts  just  within  the  margin  of  the  disk,  at 
eight  points,  which  alternate  with  the  four  purtitious  and 
the  four  cornel's  of  the  mouth.  The  tentacles  are  hollow, 
opening  into  the  radial  canals  of  the  gencriil  cavity  of  the 
body,  ami  end  in  a  glohuhir  or  epheroidul  exi>ausioa,  serv- 
ing as  an  organ  of  touch  or  prehension.  In  some  forms,  as 
llaUclytdus  auricula  Clark,  marginal  anchors  are  situated 
at  eight  poiut^,  exactly  opposite  the  four  partitions  and  the 
four  corners  of  the  niouth  ;  they  are  originally  tentaculiform, 
but  in  adult  life  form  organs  by  which  they  adhere  to  or 
pull  themselves  from  place  to  place.  The  sexes  aredistincti 
the  reproductive  glands  having  the  same  position  in  each 
86X.  Nothing  is  absolutely  known  of  the  mode  of  growth 
of  these  animals,  but  development  is  supposed  to  be  direct. 
Our  common  Lucernarian  is  Ilallcli/iitus  auricula  Clark. 
Its  umbrella-shaped  disk  is  an  inch  in  diameter  ;  including 
the  tentacles,  an  inch  and  a  half  ;  the  pedicel  half  an  inch 
long.  It  ranges  from  Cape  Cod  to  Greenland  and  south- 
ward to  the  coast  of  England,  »nd  may  be  found  on  eel- 
grass  between  tide-marks. 

According  to  A.  Meyer,  the  end  of  the  stalk  when  cut  off 
produced  a  new  disk,  and  even  pieces  cut  off  between  them 
became  complete  Lucemarim,  evincing  the  extraordinary 
powers  of  reprodnction  in  these  intx?n^sting  jelly-fish* 

Coming    now   to   tlie  tnie   Discophora,    jelly-fish,   aea- 
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n6ttle0«  mn-fish  or  Acalephs,  of  which  there  are  about 
nine  known  species  on  the  Eastern  coast  of  the  United 
States,  we  may  study  as  the  type  of  the  suborder  the 
common  Aurelia  flavidula  P^ron  and  Lesueur  of  our 
coast,  which  is  closely  allied  to  the  Aurelia  aurita  of  the 
European  shores.  It  grows  to  the  diameter  of  from  eight 
to  ten  inches,  becoming  fully  mature  in  August,  the  young 
appearing  late  in  April  in  Massachusetts  Bay,  being  then 
not  quite  an  inch  in  diameter.  The  mature  ones  may  be 
easily  captured  from  a  boat  or  from  wharves.  On  a  super- 
ficial  examination,  as  well  as  by  cutting  the  animal  in  halves 
and  making  several  transverse  sections  with  a  knife,  the  lead- 
ing points  in  its  structure  may  be  ascertained.  Its  tough, 
jelly-like  disk  is  moderately  convex  and  evenly  curved,  while 
four  thick  oral  lobesdepend  from  between  the  four  large  geni- 
tal pouches  ;  the  oral  lobes  unite  below,  forming  a  square 
mouth-opening,  the  edge  of  which  is  minutely  fringed  to  the 
end  of  the  tentacles.  On  the  fringed  margin  are  ciglit  eyes, 
each  covered  by  a  lobule  and  situated  in  a  peduncle,  and 
occupying  as  many  slight  indentations,  dividing  the  disk 
into  eight  slightly  marked  lobes.  The  subdivisions  of  the 
water-vascular  canals  or  tubes  are  very  numerous  and  anas- 
tomose at  the  margin  of  the  disk,  one  of  them  being  in 
direct  communication  with  each  eye-peduncle.  When  in 
motion  the  disk  contracts  and  expands  rhythmically,  on  the 
average  twelve  or  fifteen  times  a  minute  ;  on  the  approach 
of  danger  they  sink  below  the  surface. 

While  a  distinct  nervous  system  has  not  been  discovered 
in  Aurelia,  Bomanes  suggests  that  there  are  primitive  nervo- 
museular  cells,  such  as  those  shown  by  Kleinenberg  to  exist 
in  Hydra,  and  he  concludes,  after  a  series  of  experiments 
on  Aurelia  aurita ^  that  the  whole  contractile  sheet  of  the 
bell  presents  not  merely  the  protoplasmic  qualities  of  ex- 
citability and  contractility,  but  also  the  essentially  nervous 
quality  of  conducting  stimuli  to  a  distance  irrespective  of 
the  passage  of  a  contractile  wave.  The  later  researches  of 
0.  and  H.  Hertwig  show  that  the  nervous  system  of 
Acalephse  (Acraspedota  or  covered-eyed  Medusae)  is  much 
more  primitive  than  in  the  naked-eyed  or  craspedote  forms, 
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Buch  as  the  Tnedii&re   of  the    Ilydroids   and    the    Trarh^- 
nemidfp.     In  the  European  JVauKithoe  alhida  and  P&la^iaJ 
nodiluca  no  nervL»*ring  is   present,  for  this  is  impossibld' 
owing  to  their  deeply  indented  disks*  There  are  instead  eight 


FIff,  44— Gai^truU  of  nn  Anrts 
11a  lik^  Mtdufti.  a.  prlmlliv* 
miif 1 1  h ;  A ,  UJt"  ( r<  i-  vjl-^ci  j  I  Jir  i:u  vity ; 
C,  tM'trKlerni  i  d,  euUuderm. — 
After  Metacktnikoll. 


FIc.  45.— ScTpbisUMzu  of  Attr^ia 


fled.— After  AgucU. 


;  niAgni- 


Separate  nerve- tract>9  which  tin i to  with  the  eense-organs  in  a 
Bpecial  elevation  of  the  edge  of  the  disk,  forming  ao-calkHl 
gense-boarera,  which  alternate  with  the  eight  tentacles, 
Aurelia  aurUa  liaa  a  similar  disconnected  nerve  system.* 

Eimer  confirms  these  diseoveriea^  and  states  that  the  ner* 
voua  system  in  these  Ilydrozoa  arises  from  the  ectoderm* 


Pig.  4n -^StrobilA  of  x«* 
wfta  JlavUiida.  —  After 
Agtwlx. 


Fiii,  47.  —  Ephyr*  or 
ftarlic^t  frc<^  cotidlUcHt  of 
^4urii(fa.--AfteT     Agiw- 


Tho  Aurelin  Jlapidula  spawns  in  late  enmmer»  the  femolea 
being  distinguishable  by  their  yellowish  ovaries,  the  male 
glands  being  rosuate,  while  the  tentacles  of  the  females  are 

«  Jennische  ZeiUcbrift,  1877,  p*  8(Uk 
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ihorter  and  thicker  than  in  the  males.  The  eggs  pass  ont 
of  the  month  into  the  water  along  the  channeled  arms,  and 
in  October  the  ciliated  gastrula  becomes  pear-shaped  and 
attaches  itself  to  rocks,  dead  shells,  or  sea- weeds,  and  then 
assumes  a  Hydra  form  with  often  twenty-four  Tery  long 
tentacles.  This  stage  was  originally  described  as  a  distinct 
animal  nnder  the  name  of  Scyphistama.  In  this  Scyphis- 
toma  stage  (Fig.  45)  it  remains  about  dghteen  months. 
Toward  the  end  of  this  period  the  body  increases  in  size 
and  divides  into  a  series  of  cup-shaped  disks.  These  saucer- 
like disks  are  scalloped  on  the  upturned  edge,  tentacles  bud 


Fig.  Al^^^urdia  Jtaeidfila.— Attar  Agambs. 

out,  and  the  animal  assumes  the  Strobila  stage  (Fig.  4G). 
Finally,  the  disks  separate,  the  upper  one  becomes  detached 
and  with  the  other  disks  swims  away  in  the  Ephyra  form 
(Fig.  47),  when  about  a  fifth  of  an  inch  in  diameter,  and 
toward  tiio  middle  or  end  of  summer  becomes  an  adult 
Aurelia  (Fig.  48). 

Though  the  Aurelia  has  lasso-cells  it  is  not  poisonous  to 
bathers.  Not  so,  however,  with  the  gigantic  Cyanea  arctica, 
whose  long  tentacles  are  poisonous  ;  fishermen  as  well  as 
bathers  being  often  annoyed  by  them.  This  giant  jelly-fish 
sometimes  attains  a  diameter  of  from  three  to  five  feet  across 
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the  disk,  tlio«gh  it  is  produced  from  a  Scy}>h!9toma  not 
iTKire  than  half  mi  inch  iu  height.  Pelagiu  vnmimneUa  and 
a  few  other  forms  do  not  undergo  thia  metamorphosis,  but 
grow  dircetly  from  the  eggs,  not  haviug  u  8trol>ilii  stiige. 

Varioiia  boarders  or  commensak — viz.,  tomporar}'  non- 
attached  parasites— live  in  ur  under  the  month-cavity  or  be- 
tween tlie  four  tentacles  of  the  larger  Acalephs,  Sucli  is  the 
little  Amphipod  Cruataeean,  Jlt/peria,  which  lives  within 
the  mouth,  while  small  fishes,  such  as  the  butter-fish,  swim 
under  the  umhrella  of  the  larger  jelly-fishes^  Cyanea^  etc.,  for 
shelter  and  protection.  Besides  small  animals  of  vai'ions 
classes,  the  hirger  jelly-fishes  kill  by  means  of  their  nettling 
organs  small  cuttle-fishes  and  true  fishes,  the  animals  being 
paralyzed  hy  the  pricks  of  the  minute  barbed  diirts. 

Order  3.  Siphunnphora. — These  are  so-called  compound 
llydroids,  living  in  free-swimming  colonies,  consisting  of 
polymorphic  individuals,  or,  more  properly  speaking,  zooids 
—that  is,  organs  with  a  strongly  marked  indi\idualit}',  but 
all  more  or  less  dependent  on  each  other.  A  Siphunuphore, 
such  as  Phymlia,  for  example,  may  bo  compared  to  a  so- 
called  coloTiy  of  Hi/dractinia,  iu  which  there  are  nutritivo 
and  reproductive  zooids  and  medomuhuds.  In  Physalia 
there  are  four  kinds  of  zooids— A^.  (1)  locomotive,  and  (2) 
reproductive,  with  (3)  barren  medu^sa-lrnds  (in  which  the 
proboscis  is  wanting),  which,  by  their  contractions  and 
dilatations,  impel  the  free-swimming  animal  through  the 
water  ;  in  addition,  there  are  (4)  the  feeders,  a  set  of  di- 
gestive tubes  whicli  nourish  the  entire  colony.  There  are 
numerous  genera  and  si>ecies  (one  hundred  and  twenty  are 
known),  whose  structure  is  more  or  less  complicated  and 
difficult  to  understand  without  many  figures  and  labored 
deseriptions.  We  will  select  as  a  ty])e  of  the  order  our 
Physitlia  Arethum  of  Tileaius,  or  Portuguese  •nian-of-war 
(Fig.  49),  which  is  sometimes  borne  by  the  Gulf  Stream  as 
far  north  as  Sable  Island,  Nova  Scotia.  It  is  excessively 
poisonous  to  the  touch,  and  in  gathering  specimens  on  the 
Bhoros  of  the  Florida  reefs  wo  have  unwittingly  been  stung 
by  nearly  dead,  stranded  individuals,  whose  sting  bums  like 
densed  fire  and  leaves  a  severe  and  lasting  smart, 
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The  colony  or  hydrosome  of  the  Portuguofi©  man-of-war 
MMgtg  of  long  tocomotiye  terit4K*led,  wliicli^  when  the  ani- 
wmm  driven  by  iu  broad  sail  or  floi^t  before  the  wjiid^ 
gtretoli  out  in  large  individuals  from  thirty  to  fifty  feet. 
Tbeee  large  Hydra-like  zooids  are  arranged  in  small  groups, 
mrisiog  from  a  hollow  stem  uom- 
munii^ating  with  the  ehjmiferous 
cavity  extending  between  the  in- 
ner and  outer  wall  of  the  float. 
The  "feedei-s"  araof  two  kinds, 
large  and  small^  aud  are  cluskt-ed 
m  branches  growing  from  a  com- 
mon hollow  stem,  also  communi- 
cating with  the  chymiferous  or 
body-cavity.  L.  Agassiz,  whose 
dcscriirtion  of  this  auimal  we  are 
condensing,   states  that  he  has 

tn  these  feeders  *' gorged  with 
almost  to  bursting,"  but  has 
jievo-  seen  undigested  food  in 
any  of  the  other  organs.  The 
medusa-buds  (gonophores)  arise 
from  a  tliird  set  of  very  small 
Hydras,  but  form  very  largo  clus- 
ters suspenJed  between  the  clus- 
(jcrs  of  feeders.  These  reproLl  ac- 
tive xooids  resemble  the  locum o- 
tivc  xooids,  but,  like  the  feeders, 

ive  no  tentacles.     The  nxedusa- 

ids,  wliich  are  male  or  female, 
arise  singly,  either  fro!u  the  b;j^e 
of  the  reproductive  zooids  or 
from  the  stems  which  unite  the 
latter.  These  buds,  as  in  Tubu- 
lar ia,  wither  wntliout  dropping  from  their  parent  stock.  It 
appears,  then,  that  the  iloating  bjdrosome  of  a  Siphon- 
ophore  is  like  that  of  the  fixed  Ihjdrartima  or  Corj/ne,  with 
the  addition  of  locomotive  zooids  and  a  float,  as  scH?n  in 
FhymlUi^  Vehna,  or  the  smmming- bulls  of  Halistemma^ 


pig.  41t. — Ph^miiin,  or  Tonugn 
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H         The  Siphonophores,  as  observed  in  Affalma^  Epihulia, 

f      Agalmopsiii,   and  other  forms,  arise  from  eggs  which  puBS 

through  a  morula,  plaiiida,  and  gastrula  stage*    The  further 

developmcQt  of  Affdlmoj/siff  clcgatia,  a  Siphonophore  native 

to  the  shores  of  New  England,  has  been  described  by  A. 

IAgaasiz  as  follows  :  In  the  earliest  stage  noticed  the  young 
looked  like  an  oblong  oil-bubble*  with  a  stmplt*  digestive 
cavity.  Soon  between  the  oil-bubble  and  the  cavity  arise  a 
number  of  medusa-buds,  though  without  any  proboscis 
(manubrium),  since  the  modnsa-buds  are  destined  to  form 
the  **  swimming-bells,"  wliieh  take  in  and  reject  the  water, 

■  thus  forcing  the  entire  animal  onward.  After  these  swim- 
ming-bells begin  to  form,  these  kinds  of  Hydra-like  zooids 
arise.  In  one  set  the  Hydra  is  open-mouthed,  and  is,  in 
fact,  a  digestive  tube  ;  its  gastro-vasuiilar  cavity  connecting 

iwith  that  of  the  stem,  and  thus  the  food  taken  in  is  circu- 
lated throughout  the  commuuity.  Those  are  the  so-called 
**  feeders/'  The  second  set  of  llydras  differ  only  from  the 
feeders  in  having  shorter  tentacles  twisted  like  a  corkscrew. 
In  the  third  and  lust  set  of  Hydriis  the  mouth  is  closed,  and 
H  they  dififer  from  the  others  in  having  a  single  tentacle  in- 
"^  stead  of  a  cluster*  Their  function  has  not  yet  been  clearly 
explained.  New  zooida  grow  out  until  a  long  chain  of 
them  is  formed,  which  moves  gracefully  through  the  water, 

■      with  the  float  uppermost, 
All  the  Hydroids  in  tiieir  free  state  as  modusie  are  more  or 
less  pliosphoreacent,  and  as  much  or  more  so  nft-er  death, 
when  their  bodies  become  broken  up,  and  the  scattered  frag- 

Iments  light  up  the  waves  whenever  the  surface  of  the  ocean 
is  agitated*  From  this  cause  the  sea  is  esjieciiilly  phosphor- 
escent in  August  and  September,  when  the  jelly-fishes  are 
dying  and  disintegrating.    These  creatures  serve  as  food  for 

■  the  whalebone  whales,  which  swallow  them  by  shoals. 
The  smaller  species  are  abundant  in  the  circumpolar  seas, 
while  in  the  tropics  the  Siphonophores  are  e8|>eciany  nu- 
merous, none  occurring  in  the  Arctic  regions.  The  Hy- 
droids are  widely  distributed,  a  species  of  Campanularia  be- 
ing common  t-o  the  Arctic  and  Antarctic  seas.  The  species 
•irring  on  the  New  England  coast  are  in  many  cases 
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foand  in  Koriheni  Europe,  being  circampolar  in  their  range. 
A  distinct  assemblage  of  Sertularians,  characterized  by  the 
large  number  of  species  of  Plumularia,  inhabits  the  Florida 
seas  down  to  a  depth  of  fiye  hundred  fathoms.  Among 
the  Discophora  the  LncemarisB  are  arctic  as  well  as  temper- 
ate forms,  while  Cyanea  ia  peculiar  to  the  Northern  Hemi- 
sphere. Aureilia  and  Pelagia  are  cosmopolites,  while  Rhaco- 
piltts,  PlaeoU,  and  Lobocrocis  are  peculiar  to  the  Southern 
Hemisphere.  The  larger  number  of  species  are  tropical  and 
8ub-tropicaL  As  regards  their  bathymetrical  distribution, 
while  seTeral  species  extend  to  the  depth  of  five  hundred 
&thoms,  Monoeaulus  flourishes  in  gigantic  proportions  at 
the  enormous  depth  of  four  miles. 

The  range  in  geological  time  of  the  Discophora  extends 
to  the  Jurassic  period  (middle  Oolitic),  large  species  of  jelly- 
fishes  occurring  in  the  Solenhofen  slates.  The  genus  Hy- 
dractinia  first  appeared  in  the  Cretaceous  period.  Grapto- 
lites  were  common  in  the  shales  of  the  Potsdam  period,  so 
that  if  Oraptolites  are  Acalephs,  the  latter  are  probably  as 
old  a  type  as  any,  being  contemporaneous  with  trilobites, 
brachiopods,  moUusks,  worms  and  sponges. 


Class  I.— THE  HYDROZOA. 

Body  in  it$  dmjpiMform  a  $aG  attached  by  the  aboral  end,  eamposed  of 
two  edl-layerB,  with  a  mouth  and  goMro-wucvlar  cavity,  and  in  all  casei, 
except  Protohydra,  pronded  with  ientadee,  which  are  hoUaw,  forming  eon- 
tinuatione  of  the  body -cavity.  The  body  (Jiydroeome)  tuuaUy  differentiated 
into  Ujdo  mnie  of  tooide,  nutritive  (polypites)  and  reproductive  (gonosomes), 
connected  by  a  common  stem  or  nutritive  canal  {eanosare),  the  gonosome* 
producing  medtua-buds{gonophares),  which  on  being  set  free  are  caUed  me- 
^JMJS  (or  medusoids)  and  are  bisexual*  In  these  medusm  the  body  is  disk 
or  bed-shaped,  the  jeUyMke  parenchymatous  substance  composing  the  disk 
constituting  the  mesoderm.  From  the  gastro-vascular  cavity  four  primary 
gastro-vaseular  canals  radiate  and  anastomose  wUh  a  marginal  circular 
canaL  No  ditUnct  organs  of  dreulaUon,  the  blood  being  sea-water  con- 
taining the  chyme  and  a  few  eoUniess  blood-corpuscles.  A  true  Jiervous 
system  rardy  present,  hU  when  developed  in  certain  medusoids,  forming  a 


t  nw  in  Rhixogetoo,  a  form  allied  to  HydnM^tlnia,  a  gonopbore  which  had 
discharged  its  contents,  degeneratlDg  into  a  polyplte  or  hydra,  and  Its  body  elongating 
anddetdofilngtentadea.    Allman  obeerved  the  same  thing  lu  Cordylophoia. 
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thrwd-ring  ammnd  the  dink,  and  mth  ganglia  hm/t  (he  mtiM'^rganM, 
B^dra  iks  mrtoui  iyaiem  k  repreaenicd  b^  nerwhmfuds  celU; 
argoju  tttica%  pr^aent,  repremntBd  by  mmpU  e^  and  msdikfrff  nMMfei 

{lUhocyHU),  ih&  two  fwi  uiuaUy  eoe^JttiriJj.  XetUinff  orffant  (nemaiaeiftU) 
ummlly  preunt,  and  enpeekiUy  characlemiie  of  tlw  clau^  bdn^  mad  abun^ 
dant  im  the  teniadee. 

The  a^m  rarely  uaUed^  umiatly  diatind.  Often  a  Mffh  degree  of  poly- 
morphuim  in  (he  individual  h^dr^tome,  the  an^fnal  being  differentiated  not 
ofdy  into  polypltes  and  gammme$,  but,  in  the  free^meimming  fartne,  into 
hicoitiotive  tmidJi,  Repf'tKluction  takes  pUiee  by  budding,  ami  by  fertilised 
rgfjtt  detdoi^ed  in  ffhtntU  attacficd  to  or  dependent  from  the  primary  ra- 
dii j  tin  ff  eanale.  The  tpeciee  undergo  eitlter  a  aUght  ar  marked  meiamar- 
phoaie,  the  free  gonophorett  being  nudueat  (or  fnediieoide),  vfhicA  produce 
egge,  from  which  in  mme  Diee>oi>hoTa  {tueh  ae  AurtUa)  ariae  eueeeetimly 
a  uif/rulat  gaatrula,   jtianula,  aeyphietoma^  atrabila,  and  aduU  meduaa. 


Order  1,  Hydrcridea.  —  The  individual  cither  not  differentiated  into 
z<x»ids,  as  in  Proto/tydm  awl  Hydra,  or  coiisistiog  of  nutri- 
tive and  rcpn>du€tiiT3  y.cHJids  fomiing  a  compound,  station- 
ary,  bmncbiug,  moss  li lie  Ixwly  (lijdrosoiue),  the  medusiv- 
huds  remainiiiii:  on  the  gonosomes  or  bi'coming  free  mtKlu^O!, 
with  usually  four  simple  radiating  canals,  a  velum,  manu- 
brium, and  nakcil  eyes.  Flydrosome  either  naked  or  as  In 
&ertularia,  etc.,  protectetl  by  a  horny  sheatli,  or  forming,  aa 
m  MUkfpora  and  IMtotiUs,  a  massive  conillum.  Suborder  1, 
f\<Mf£rirk«  (Hydra,  Clara,  Hydraclinia,  Milkpora^Tubularia). 
Suborder  2.  CVi7w/)a/iu^an<B  (Plumularia,  Dynamena^  Cam- 
panularia,  jEquorea,  Zygodactyhi). 

Order  %.  Diae&phora, — Mcduscc  like  those  of  the  Hydroids.  but  with 
the  four  primary  radiating  canals  usually  subdividing  into 
numerous  brandies,  the  eyes  more  or  less  covered  by  a  flap  ; 
the  velum  often  absent ;  often  four  genital  pouches,  dis- 
charging eggs  into  the  gastro-va^ulsu"  cavity  ;  usually  of 
lai^ge  size,  and  developing  either  directly  from  eggs,  or,  as 
in  Aurdia,  passing  through  a  gastrula,  ficyphisloma,  and 
Btrobila  stage,  not  being  developed  from  a  hydra-like  pnly 
pite.  Suborder  1.  TmchyuirduMe  {^Egina,  Cunlna»  Gery- 
onia,  Cbarybdiea).  Suborder  2.  Lucemarim  (Lucemaria). 
Bubonier  3.  Aeaiepha  (Pelagia,  Cyanca,  Aurelia,  Hhizos 
loma). 

Ordrrl^.  ^>>/wfK?p^bm. —Free  swimming,  polymorphic  hydrosomea, 
with  nutritive,  feeding,  reprocluctive  and  locomotive  zooids. 
Suborder  L  PhyH>!>hor%ji  (Agalma).  2.  Phyaalim  (Physalia), 
8.  Vidye&phm-m  (Diphyes).     4,  Diaeaideei  (Volellft,  PorpltaX 
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'ScfT^'-'BUphanoejfpkHt  mlnsMZiJi  Alhnaii  is  the  type  of  a  new  order 
of  Hydnnoa  called  by  Allman  Tkeoomedun,  The  animal  permeates 
md  is  parasitic  in  sponges.  Although  a  Hydrozoan,  it  is  not  a 
Hydroid,  and  cannot  be  referred  to  any  of  the  existing  orders  of  the 
Hydrozoa.  The  chitinons  tubes  which  permeate  the  sponge-tissue  are 
united  toward  the  base  of  the  sponge,  and  oon^tute  a  colony  of  zooids. 
In  many  respects  it  is  said  to  resemble  the  Oampanularia. 


YlKW  OF  THE  CLASSmCATION  OF  THE  HtDBOZOA. 


Siphanophora, 
(PfajealUL) 


IHaeophora. 
(Aarelia.) 


(Hydra.) 


Htdrozoa 


Laboratory  Work, — The  common  Hydroids,  such  as  Coryne,  8ertu» 
laria,  etc..  may  Ix)  collected  from  sea  weeds  or  the  piles  of  wharves 
between  tide-marks,  while  the  medusas  may  lie  obtained  by  the 
hand-net,  or  tow  net  from  a  boat.  The  medussB  especially  abound 
in  eddies  off  points  of  land  where  different  currents  of  the  sea  meet. 
Towing  is  most  effectively  pursued  after  sunset  and  early  in  tlie  even- 
ing, when  the  sea  is  calm,  and  the  jelly-fish  swim  near  the  surface. 
They  should  be  placed  in  the  jars  by  inverting  the  net  in  the  water  of 
the  jar,  and  examined  at  once,  as  many  will  have  perished  by  the  next 
morning.  Jelly-fish  can  also  be  reared  in  roomy  aquaria,  in  which 
plenty  of  air  is  introduced  by  running  water. 

The  larger  medusae,  such  as  AureUa  and  Oyanea,  should  be  sliced 
in  sections  in  order  to  study  their  gross  anatomy,  and  portions  snipped 
off  with  scissors  to  be  examined  with  the  microscope.  The  animals  of 
Sertularians,  Coryne,  etc.,  can  be  studied  alive  in  animalcule-boxes 
and  growing-cells.  The  coral  stock  of  Millepora  was  examined  by 
Moseley  in  groimd  sections.  **  Portions  of  the  living  coral  were  placed 
in  absolute  alcohol,  chromic  acid,  and  glycerine  ;  portions  were  further 
treated  with  osmic  acid  and  transferred  to  glycerine  or  absolute  alcohol. 
Fragments  of  the  hardened  coral  were  afterward  decalcified  with 
hydrochloric  acid,  and  the  residual  soft  structures  were  either  moimted 
entire  for  examination,  or  cut  in  the  usual  manner  into  fine  vertical 
and  horizontal  sections,  which  were  then  stained  with  carmine  or 
magenta.  The  specimens  hardened  in  osmic  acid,  and  decalcified  after 
subsequent  immersion  in  absolute  alcohol,  yielded  the  best  histological 
results." 
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|i  li^  t^  (v^uiiil  Mvasn  tkb^inirfcs  oo  rocks  under  eea-weeda, 
ft  In  UnM  %wtf)i^  but  grows  most  luxuriantly  on  the  piles  of 
tiH^dfV^  11  fflMlil^  livee  in  aqiuuru^  where  its  hahit«  may 
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of  Afitmomns*— So  perstslent  is  the 
of  Una  body  in  these  animak,  that  a 
t  i)m»  OMunoa  sea  aiiignoiie  will  enable  the  student 
cMiprekMid  Uio  kadiiig  lad  most  fnndamantnl 
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witihdniwn,  ipecimeiis  may  be  killed  expanded  by  the  grad- 
ual introdnctioii  of  fresh  water,  or  by  plunging  them  into 
picric  acid.  They  should  then  be  tran^erred  to  the  strong- 
est alcohol,  and  allowed  to  soak  in  it  for  two  or  three  days 
until  the  tissues  become  hard  enough  to  cut  well.  Then 
Tertical  and  transyerse  sections  may  be  made  with  a  sharp 
knife.  The  first  fact  to  observe  is,  that  an  alimentary  canal 
is  much  more  clearly  indicated  than  in  the  Hydrozoa,  there 
being  a  distinct  digestive  sac,  separate  from  the  body-walls, 
hanging  suspended  from  the  mouth-opening,  and  held  in 
place  by  six  partitions  or  septa  (mesenteries),  which  divide 
the  body-cavity  into  a  number  of  chambers.  The  digestive 
sac  is  not  closed,  but  is  open  at  the  bottom  of  the  body, 
connecting  directly  with  the  chambers,  so  that  the  chyme, 
or  product  of  digestion,  passes  down  to  the  floor  of  the 
body,  and  then  into  each  of  the  chambers ;  thus,  by  the 
movements  of  the  cilia  lining  the  body-cavity,  the  chyme, 
mixed  with  the  blood,  is  distributed  throughout  the  body  ; 
this  rude  mode  of  circulation  being  the  only  means  of 'dis- 
tribution of  the  nourishment  contained  in  the  circulating 
fluid,  there  being  no  distinct  canals,  as  in  the  Hydrozoa. 
These  mesenteries  may  be  best  studied  in  a  cross-section  of 
the  animal  after  being  hardened.  It  will  be  found  that 
there  are  six  pairs  of  complete  or  primary  septa  or  partitions 
(mesenteries)  which  hold  the  stomach  in  place,  and  a  num- 
ber of  pairs  of  shorter  ones  of  unequal  length  between  the 
complete  ones.  There  are  never  less  than  twelve  of  the 
secondary  partitions,  even  in  the  young,  and  when  more 
numerous  they  occur  in  multiples  of  six  (Clark).  On  the 
free  edges  of  these  shorter  mesenteries,  which  do  not  extend 
out  to  the  stomach,  there  is  a  mass  of  long  coiled  filaments, 
the  mesenterial  filaments  {craspeda^  Fig.  50,  cr),  which  con- 
tain lasso-cells,  situated  in  a  peripheral  layer,  while  the  fila- 
ment is  hollow  and  contains  gtMfiin.  In  dissecting  the 
sea-anemone  these  mesenterial  filaments  are  always  more 
or  less  in  the  way,  and  have  to  be  carefully  removed  so  as  to 
expose  the  ovaries  and  adjoining  parts.  They  press  out  of 
the  mouth  and  the  cinclides  (small  openings  through  the 
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bodj-wilb),  not  alwavi  pccsmt,  mud  eod  of  the  tentaclee, 
and  tbiis  0QIB9  in  ooniaet  wtlli  mimalai  fommg  their  food. 
The  oviriea  and  ipenurat  can  be  distmgiiiahed  Hj  their 
fonnmg  inasaea  of  doaelj  convoluted  tobe^  mtich  tkioker 
than  the  nM!eent«rial  fUamenta,  and  situated  on  the  outside 
next  to  the  free  edge  of  each  meaenterT  ;  the?  are  also  of  a 
pale Ubc tint  m  Meindimm  mmgimmimm  (Tig'bO,  o).  They 
are  not  easily  distinguishable  fraiBi  each  oilier  bj  the  nuked 
qne.  The  figure  shows  at  the  base  of  the  body  the  free 
edgtt  of  the  mesenteries  (ai)  of  different  heijrhts^  with  the 
between  them  ihroiigh  which  the  chyme  passes  into 
the  body-caTitT.  For  the  com- 
plete passage  of  the  circulating 
flttid  the  six  porioMry  mesonteriea 
are  perforated  by  a  lai^  orifice 
(c^)  more  or  less  oteI  or  kidney- 
shaped  in  outline  (Fig.  50).  The 
digestire  sac  is  divided  into  two 
dirision%  the  mouth  and  stomach 
proper,  the  latt<>r  when  the  ani- 
mal is  contracted  being  much 
shortened,  and  with  the  walls 
Tertieally  folded,  as  seen  in  the 
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cut- 


m\  wftli  it 
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In  the  tentacles  are  lodged  the 
Icisso-cells  or  nematocystSy   and 
the  tentacles  are  hollow,   com- 
iii««^*yi   municating  directly  with  a  cham* 
^  ber  or  space  between  the  mescn- 

teries*  and  are  open  at  the  end.  When  a  passing  shrimp, 
small  fish,  or  worm  comes  in  contact  with  these  tentacles, 
the  lasso-cclls  are  thrown  out,  the  Tictim  is  panilysed,  other 
touUioles  assist  in  dragging  it  into  the  distensible  month, 
where  it  is  partly  digested,  and  the  process  is  completed  in 
the  second  or  lower  division  of  the  digestive  canal  The 
bones,  shells,  or  hard  tegument  of  the  animals  which  may 
be  swiillnwed  by  the  Actinia  are  rejected  from  the  mouth 
'r  the  soft  parts  are  digested.     Figmcnt-colk^  which  are 
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Buppofled  to  be  liyerHoellB^  une  said  to  be  sitaated  in  the  walls 
of  the  stomachy  and  the  mesenterial  filaments  have  been  sup- 
posed to  act  as  kidneys  in  taking  up  and  excreting  the  waste 
products  of  digestion,  but  this  has  not  been  proYod  and  seems 
improbable.  The  blood,  or  sea-water,  mixed  with  particles 
of  food  ("  chylaqueous  fluid  "),  the  result  of  digestion,  was 
supposed  by  Williams  to  represent  the  chyle  of  higher  ani- 
mals and  to  contain  white  blood-corpuscles,  but  this  has 
been  denied  by  Lewes  (^'  Sea-side  Studies")  on  apparent  good 
grounds.  Bilateral  or  right  and  left  symmetry  is  faintly  in- 
dicated in  the  young  and  old  Actinia,  as  well  as  in  some 
corals,  as  pointed  out  by  Clark. 

While  no  true  nervous  system  is  known  to  exist  in  the 
Aetinozoay  Duncan  has  discoTcred  in  the  base  of  the  body  a 
plexus  of  fusiform  ganglionic  cells  connected  by  nerve-fibres. 
Isolated  nerve-cells  have  been  discovered  by  Schneider  and 
Botteken  near  the  pigment-cells  or  supposed  eyes  at  the 
base  of  the  tentacles  of  the  Actinia.  In  connection  with 
these  nerve-cells  are  certain  round  refractive  cells  (Ilaimcan 
bodies)  and  other  long  cells,  called  the  Botteken  bodies. 
The  former  are  thought  by  Professor  Duncan  to  carry  light 
more  deeply  into  the  tissues  than  the  ordinary  epithelial 
cells.  This  is  also  the  case  with  the  elongated  Botteken 
cells  and  others  similar  to  them,  called  bacilli.  All  these, 
when  brought  together  in  this  primitive  form  of  eye, 
"concentrate  and  convey  light  with  greater  power,  so 
as  to  enable  it  to  act  more  generally  on  the  nervous  sys- 
tem probably  not  to  enable  the  distinction  of  objects,  but 
to  cause  the  light  to  stimulate  a  rudimentary  nervous  sys- 
tem to  act  in  a  refiex  manner  on  the  muscular  system,  which 
is  highly  developed."    (Duncan.) 

Nearly  all  the  Actinozoa  increase  by  budding,  new  indi- 
viduals arising  at  the  base  or  edge  of  the  pedal  disk  of  the 
old  ones.  Clark  has  seen  in  Metridium  marginatum  as 
many  as  twenty  buds  separate  from  the  parent  sea-anemone. 
"  As  in  Hydra  they  arise  as  simple  rounded  protuberances, 
but  in  a  short  time  six  short  tentacles  make  their  appear- 
ance at  the  free  end,  and  a  minute  oblong  aperture,  the 
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aMMlth,  is  found  in  their  midst  in  such  a  way  that  its  two 
ondi  h<iYe  a  tent^le  opposite  each,  and  the  other  four  dis- 
|ioa8d  two  on  one  ^de  and  two  on  the  other.  Within,  the 
argaatf  arise  at  poiut^s  corresponding  to  the  position  of  the 
outaide.  The  semi -partitions^  twelve  in  number,  begin 
mere  ridgea*  which  extend  in  pairs  from  the  anterior  end  of 
the  stomach  along  the  oral  wall  toward  its  border."  Adult 
Actiniae  somettmes^  though  rarely,  subdivide  longitudinullvi 
but  it  18  not  uncommonly  observed  in  the  corak,  in  which 
cases  only  the  heads  and  stomachs  divide,  the  general  cav- 
ity remaining  common  to  the  two. 

Tlie  development  of  Aciinin  mesembryanthemum  haa  been  i 
traced   by   Lacaxe-Dntnier&     The  young  Actinia  attains  i 
maturity  witliout  any  metamorphosis.     The  egg  is  supposed  J 
to  undergo  $ognientatiou  within  the  ovary.     In  the  stat«  in] 
which  the  embryo  was  observed  by  Lacaxe-Duthiers  it  was 
oval  and  surrounded  by  a  dense  coat  of  transparent  conical 
spinules.    Soon  the  two  primitive  germi- 
nal   layers    (ectoderm    and  endoderm) 
were  observed-     Two  lobes  next  appear  i 
within  the  body  ;  these  subdivide  into 
four*  eight,  and  finally  twelve  primitive 
lobes.     This  stage  is  represented  by  the 
corresponding  stage  of  the  coral  (Fig.  55, 
B).    Not  nntil  after  the  twelve  primitive  i 
lobes  are  fully  formed  do  the  tentacles 
Fte.  51.  -^niiAff^  iarr»  bc^u  to  make  their  appearance.     When 
"-Timkivoopi'mngorbift*'   the  first  twclvc  tcutacles  have  grown  out, 
twenty-four  more  arise,  and  so  on,  until 
with  its  increasing  sixe  the  Actinia  is 
ided  with  the  full  number  i)eculiar  to  each  species. 
LucMue-Duthiers  observed  the  same  changes  in  two  species 
of  iSiUjartia,  and  in  Bunoden  gennnfum.     Fig.  51  ropreaenU  ^ 
Llic  ciliated  gastmla  uf  an  unknown  jpolyp  allied  loKa^liphohe.  [ 
While  Mdridium  and  Bunodem  are  tj^ies  of  the  ordinary 
form  of  Actinoids,  certain  forma,  like  Ilak^impa  produda. , 
Stimpeon  (Fig.  52),  are   quite  long  and  live  fixed  in  the 
'»r  sand.     Allied  to  Ilalcampa  is  Edwardsia,  which 
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livei  in  deeper  water.  Its  yonng,  howeyer,  is  at  an  eaalj 
vlage  of  its  existence  a  free-swimming  polyp,  which  was 
originally  described  as  an  adult  animal  under  the  name  of 
Arachnaetis.  In  ZoaniAus  the  tegument  is  tough  and 
leathery,  and  the  different  polyps  are  con- 
nected by  stolons.  EpizoaniAus  amertcanus 
Verrill  liyes  in  deep  water,  off  the  coast  of 
New  Jersey  and  Southern  New  England,  in 
about  twenty  fathoms.  Cerianihus^  a  gigantic 
form,  a  native  species  of  which  {C.  borealis 
Verrill)  lives  at  the  depth  of  one  hundred 
fathoms  in  the  Gulf  of  Maine  deeply  sunken 
in  the  mud,  where  it  secretes  a  shiny  leathery 
tube,  is  perforated  at  the  end  of  the  body ; 
the  young  of  a  corresponding  European 
8X)ecies  is  also  free-swimming,  like  the  young 
Edwardsia. 

The  coral  polyps  differ  from  the  Actinoids 
in  secreting  in  the  mesoderm  a  limestone 
base,  from  which  arise  in  the  Zoantharian 
corals  stony  septa  serving  as  a  support  to  the 
animal ;  these  septa  are  deposited  or  secreted 
in  the  chambers,  so  that  in  the  coral  polyp 
there  are  soft  partitions  alternating  with  the 
limestone  ones,  the  latter  formed  at  the  base 
of  the  polyp,  not  completely  filling  the  inter-  oampa  prodvcta. 

^   '   f\         u  — After  VerrilL 

mesenterial  chambers.  ^ 

Order  1.  Zoaniharia. — ^We  will  now  enumerate  some  of 
the  leading  forms  of  the  first  order  of  Anthozoa,  the  Zoan- 
thariay  to  which  the  sea-anemones  and  most  of  the  stony 
corals  belong.  The  group  is  called  by  some  recent  authors 
HexaeorallOy  the  number  of  primary  chambers  and  tenta- 
cles being  six,  the  latter  rounded,  conical,  or  filiform.  In 
the  simple  cup-shaped  corals,  as  DeltocyathuB  and  Caryo- 
phyllia,  the  coral  forms  a  cup  pr  theca,  the  lamellae  which 
arise  from  the  base  terminate  in  as  many  septa,  the  spaces 
between  which  are  termed  hculi.  A  central  pillar  or  col- 
umn formed  by  the  union  of  the  septa,  or  arising  indepen- 
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deiitly,  is  called  the  columella^  while  the  small  sepiinik'  pillars 
between  the  columella  and  the  septa  are  termed  palnli,  lu 
the  eompotind  or  tree-like  corals,  each  young  coral  polyp 
forms  a  caUcle,  theca,  or  limestone  support  of  its  own,  whieh 
unites  with  the  otlver  by  calcification  of  the  connecting  sub- 
stance of  the  common  body.  This  intermediate  layer  is 
termed  cmnenchyma  (Huxley). 

The  simpler  corals  consist  of  but  a  single  calicU  oontAin- 
ing  one  polyp,  as  in  FlabeUum,  IhUoctjnthus^  aind  Caryth- 
pftylliiL  They  live  free,  fixed  in  the  mud  in  deep  water, 
^liiid  occur  in  water  with  a  temperature  of  about  32^  Fahr. 
FiabeUum  antjulare  Moseley  has  been  dredged  off  No 
Scotia  in  1*250  fathoms. 

DeUncifulhus  Agassizit^  whieh  is  not  uncommon  in  the 
Florida  channel,  at  depths  varying  from  sixty  to  three  hun- 
dred and  twenty-seven  fathoms,  has  been  dredged  by  ua  at  the 
mouth  of  SrajssiK^liusetts  Bay,  in  one  hundred  and  forty  fath- 
oms (temperature  SD"*  to  42''  Fahr,).  An  allied  form  is 
Vloryathus  arctitnis  Sal's,  sjtid  by  Duncan  to  be  the  same  aa 
FiabeUum  lacimatum  Edwards  and  TlHime,  a  fossil  of  the 
late  tertiary,  dredged  by  us  in  one  hundred  and  fifty  fath» 
oms,  near  St.  George's  Biinks,  Gulf  of  Maine, 

In  the  family  of  which  (kullna,  tlio  eye-coral,  is  a  type, 

I  the  pol}^  stock  is  compound,  branched,  incrc^ising  by  bit- 

>  filial  buds.       Lophoheli'a  proh'fera  Pallas   (Fig.   53)    occiira 

in  the  «eaac»f  Norway,  and  lias  likewliic  l>een  found  to  occur 

on  the  Imnks  off  Nova  Scotia  and  Newfoondhind,  while  it 

lives  in  the  Florida  Straits,  in  from  105  to  315  fathoms. 

In  MwHudrifm,  or  the  bra  in -coral,  Fttvia,  Astrwmvni.  As- 
tranyia,  we  have  representatives  of  Uio  important  group 
Asirmacca^  in  whieh  the  corallum  is  massive,  more  or  less 
liomispherical,  and  the  polyp-cells  or  oalicles  are  distinctly 
lamello-railiate  within,  and  generally  so  without.  Budding 
is  usually  carried  on  by  division  of  the  disks,  or  by  spon- 
taneous fission*  In  Musm  the  poly[>s  are  sometimes  two 
inches  in  breadth,  as  large  as  ordinary  ActiniBe.  Diploria 
Crerehri/ormis  Edwards  and  llaime  is  a  brain-coral  which  is 
pomrnoH  ia  the  West  Indies  and  at  the  Bermudas^  Bom^- 
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iimas  growing  to  a  diameter  of  three  foot     Tho  common 
kf^  West  Indhiii  br»iii*c*onil  is  }f(mndrina  Ubyrxnthka. 

In  Adrmi pailtdu  Dana,  of  the  Feejue  Islands,  the  polypg 
are  jMi/e,  the  disks  bluish  gnvy,  and  the  tentacles  whitish, 
Tlie  poljjjg  of  many   corals  are  hcttutifuUj  colored.     Those 


Flt5-  53.— XcipAoMJu  |»nAl^«re-— After  WyviUc-Ttiomptiou, 

o!  Adrarigid  Danm  Agaagiz  are  white.  In  this  coral,  as 
obfterved  by  Dana,  the  polyps  stand  prominently  ubove  the 
calieles,  aa  only  their  bajjea  secrete  corah  The  tentacles 
bikY^  minute  wai^y  prummences,  each  full  of  lasso-cells, 
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ThiB  coral  ranges  as  far  north  as  Nan  tucket  and  Bntti 
Bay.  In  the  mtiahfoom  corals,  Fiuujm^  the  large  coral  1 
is  the  secretion  of  a  single  polyp  which  may  be  a  foot  in 
length.  Large  branching  corals  abound  on  the  reels  of 
Florida,  the  most  abundant  of  which  grows  nearly  two  feet 
high  and  branches  ont  like  the  horns  of  a  deer.  Such  is 
MmJbNp9m  mnriearnis  Lamarck. 

A^Tiile  agamogenesis  or  ^teruation  of  generations  is  rare 
among  the  Acttnozoa^  Semper  hiis  observed  two  species  of 
Fun  gin  which  he  considers  to  reproduce  in  this  way.  The 
corals  "  bud  out  from  a  branched  stem,  and  then  beoome 
detached  and  free^  as  is  the  habit  of  the  genus."     Moseley 


Flf.  H.-OonJi  |K»ljrp  {A»(roida  atipeutmiji)  expaodfd.— fVon  *rntiMf *■  ZoolofOr. 

also  describes  a  similar  case  of  production  of  three  or  four 
generations  in  aTahitan  niK^ciea  of  Pitugia. 

As  a  good  example  of  the  nio<le  of  development  of  one  ol 
the  suborder  Madreporaria^  we  will,  with  Lacaze-Duthiera, 
study  the  development  of  Astroicks  cahjctUaru  Pallas. 
The  period  of  reproduction  takes  place  lK»tween  the  end  of 
May  and  July,  the  young  developing  most  actively  at  the 
end  of  June.  Unlike  Actinia,  which  is  always  hcrmaphro- 
ditic,  this  coral  is  nipely  so,  hut  the  polyps  of  different 
branches  belong  to  different  sexes. 

A*  in  the  nther  polyps,  iucluding  Actinia,  the  eggs  and 
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spermaiic  bodies  rapture  the  walls  of  their  respective  glands 
dtnatod  on  the  fleshy  partitions,  Ag  in  Actinia,  Lii,caze- 
Dtithiers  thinks  the  fecundation  of  the  ^gg  occurs  Ijefore  it 
leases  the  ovary,  when  also  the  segmentation  of  the  yolk 
must  take  place.  Unlike  the  embryo  Actinia,  the  ciliated 
voung  of  the  coral,  after  remaining  in  the  digestive  cavity 
for  three  or  four  weeks,  make  their  way  out  into  the  world 
through  the  tentacles.  The  appearance  of  the  young,  when 
first  observed,  wa?  like  that  in  Fig.  55,  J,  being  an  oval, 
cili&ted  gastrula  with  a  small  mouth  and  a  digestive  cavity. 

The  gastrula  changes  into  an  actinoid  polyp  in  from 
thirty  to  forty  days  in  confinement,  after  exclusion  from  the 
parent,  but  in  nature  in  a 
less  time,  and  it  probably 
doe«  not  usually  leave  the 
mother  until  reatly  to  fix 
itself  to  the  bottom. 

Before  the  embryo  be- 
comes fixed  and  the  tentacles 
arise,  the  lime  destined  to 
form  the  partitions  l>egins 
to  he  deposited  in  the  endo- 
derm.  Fig*  55^  C*,  shows  the 
twelve  rudimentary  septa. 
These  after  the  young  polyp 
or  **  actinuhi'*  has  become 
stationary,  finally  enlarge 
and  become  joined  to  the 
external  walls  of  the  coral 
now  in  course  of  formation 
(Fig.  55,  C\  c)^  forming  a  groundwork  or  pedestal  on  which 
the  aetinula  rests*  D  represents  the  young  polyp  resting 
on  the  limestone  pedestal* 

Lacaze-Duthiers  found  that  the  embryo  polyp  which  had 
been  swimming  about  in  his  jars  for  nearly  a  month,  sud- 
denly,  within  the  space  of  three  or  four  hours  after  a  hot 
sirocco  had  been  blowing  for  three  days,  assumed  the  form 
of  small  disks  (Fig,  63,  5),  divided,  as  in  the  Actinia,  into 
twelve  small  folds  forming  the  haees  of  the  partitions  within* 
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The  t^sniaclea  next  arise,  being  tlic  dongation  of  the 
clianibera  iKjtween  the  partitions,  six  larger  and  elevated, 
six  smaller  and  depressed  (Fig,  65,  D).  The  definitive  form 
of  the  eoral  poh-j)  is  now  agsumed^  and  in  the  Astroides  it 
becomes  a  com  pound  polypary. 

There  are  but  few  fact-s  regarding  the  rate  of  growth  of 
corals.  Pcmrtalea  statea  that  a  gpecimen  of  Mmandritm 
labyrinth icat  measuring  a  foot  in  diameter  and  four  inchos 
thick  in  the  most  convex  part,  was  taken  from  a  block  of 
concrete  at  Fort  Jefferson,  Tortugiis,  which  had  been  in  the 
wat-er  only  twenty  years.  Major  E.  B,  Hunt  calculated 
that  t!i6  average  growth  of  a  Mieandrina  observed  by  him 
at  Key  West  was  half  an  inch  a  year.  From  the  observa- 
tions and  specimens  collected  by  Mr,  J,  A.  Whipple,  as 
stated  by  Verrill,  a  Madrepora  found  growing  on  the  wreck 

of  the  Severn  grew 
to  a  height  of  sixteen 
feet  in  sixty-four 
years,  or  at  the  rate 
of  Ihree  inches  a 
year. 

The  group  Rugosa 
of      Mihie-£d  wards 

Hon;  f.caUcI*  from  ntxnc -After  Poui1*l«i.  ^"^    naimc  Contains 

a  large  number  of 
palapozoic  corals,  which  are  mainly  characterized  by  having 
four  primary  septa,  the  nnmber  in  most  living  comla  being 
six  ;  and  also  by  intnu:alicinal  gemmation,  which  also  occurs 
in  a  few  Caryophyllids  and  Oculiuida. 

Potirtales  has  doubtfully  referred  to  this  group  his  HaplO' 
phyllia  paradoxa  (Fig.  50)  which  inhabits  the  Florida 
Straits  at  a  depth  of  over  three  hundred  fathoms.  The 
nearest  known  fossil  ally  of  this  interesting  coral  is  Cnla- 
phyUtim  pro/uNdum  Germ.,  which  is  fossil  in  the  Dyaa  for- 
mation, Duncan  describes  Ouynia  annulala,  another  deep- 
sea  coral,  as  a  recent  Rugose  tetrameral  cond.  Moseley 
•uggest^  from  a  study  of  Heliopora,  together  with  Crypta- 
k$lia  and  other  Sttfla^^hridw,  that  **  the  marked  t^jtrameral 
n^ment  of  the  septa  in  Ruyt^m^  atid  the  prosunce  in 
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many  forms  of  tabnlse,  are  certainly  characters  not  opposed 
to  the  alliance  of  these  corals  with  the  Alcyonarians/'  and 
gives  other  reasons  of  importance  in  favor  of  this  view. 

The  group  of  Antipathea^  represented  by  Antipathes  ar- 
borea  Dana,  of  the  Feejee  Islands,  produce  compound 
groups  by  budding,  growing  in  the  form  of  delicate  shrubs. 
The  polyps  have  usually  six  tentacles,  though  in  Oerardia 
they  have  twenty-four. 

Order  2.  Alcyonaria. — To  this  group  of  polyps,  which 
have  eight  serrated  or  feathered  tentacles,  belong  the  red 
coral  of  commerce,  the  sea-fans  and  sea-pens,  in  which  there 
are  no  calcareous  sepia,  and  in  which  the  corallum  has,  as  in 
the  sea-fans  and  sea-pens,  a  bony  axis,  while  the  fleshy  por- 
tion (coenosarc)  represents  the  mesoderm  and  is  filled  with 
calcareous  spicules. 

In  the  genera  JIaimea,  Alcyonium,  TuMpora,  etc.,  the 
polyps  are  encrusting,  budding  out  in  different  ways,  and 
adhere  to  foreign  bodies  by  the  coenenchyma.  Haimea  is 
simple,  consisting  of  but  a  single  polyp.  In  Alcyonium 
the  coinenchym  is  much  developed,  soft,  lobulated,  and 
branching.  Our  common  species  is  A.  carneum  Agassiz. 
In  TuMpora  the  poljrps  are  compound  and  secrete  solid 
calcareous,  bright  red  tubes,  arranged  side  by  side,  like  the 
pipes  of  an  organ,  and  supported  by  horizontal  plates. 

In  the  common  red  coral  {Corallium  ruhrum)  of  the 
Mediterranean  Sea,  the  solid,  unjointed  coral-stock  consists 
of  a  crystalline. basal  mass,  with  calcareous  spicules  solidly 
united.  The  bright  red  coral  is  worked  into  various  orna- 
ments. The  coral  fishery  is  pursued  on  the  coasts  of  Algiers 
and  Tunis,  where  assemble  in  the  winter  and  spring  from 
two  hundred  to  three  hundred  vessels.  The  coral-fishermen, 
with  large  rude  nets,  break  off  the  coral  from  the  submerged 
rocks.  About  half  a  million  dollars'  worth  of  coral  is  annu- 
ally gathered. 

Heliopora,  now  proved  by  Mr.  H.  N.  Moseley  to  be  an 
Alcyonarian  instead  of  an  Actinoid  polyp,  differs  from 
Corallium  and  Tubipora  "  in  that  the  hard  tissue  of  its 
corallum  shows  no  signs  of  being  composed  of  fused  spic- 
ules."   This  genus,  together  with  Polytremacis  and  the 


SQarian  HeUoUttB^  form,  accoMing  to  Hoselejr^  a  new 
family  of  Alcyonariana  in  wliich  the  comllam  consists  of  an 
abundant  tubular  etenenchym,  with  calicles  having  an 
irregular  number  of  pseudo-septa,  which  do  not,  however, 
correspond  with  the  membranous  mesenteries*  The  polyps 
are  completely  retractile,  with  the  tentacles  when  retracted 
introverted-  The  mouths  of  the  sacs  lining  the  coBnenchy- 
mal  tubes  are  closed  with  a  layer  of  soft  tissue,  but  com- 
municate with  one  another  and  with  the  calicular  caTitiefl 
by  a  system  of  transverse  canals  (Mnseley).  Heliopora  cmm- 
ha  grows  on  coral  reefs  at  the  Philippine  Islands  and  at 
Singapore. 

In  the  family  of  sea-fans  {Garffonida)  the  coral-stock  ia 
horny  or  calcareous,  branching  tree-like^  or  forming  a  flat 
network-  The  short  calicles  of  the  single  retractile  polyps 
stand  perpendicularly  to  the  axis,  communicating  by  longi- 
tudinal vessels  and  branching  canals.  Gorgania  (Rhipigor- 
gia)  fiabdlum  Linn,  is  red  or  yellow  and  abundant  on  the 
Florida  reefs.  In  the  Arctic  seas  and  the  deeper,  colder 
waters  of  the  Newfoundland  Banks  and  St.  George's  Banks, 
Primnoa  reseda  (Palhis)  and  Paragorgia  arhorea  (Linn.) 
grow  ;  the  latter  being  of  great  size»  the  stem  as  thick 
through  as  one's  wrist,  and  the  whole  corallum  over  five  feet 
in  height. 

In  the  family  of  sea-pens  (PenfialuUdcs)  the  polyp*stock 
is  free,  growing  in  the  sand  or  mud,  usually  with  a  bony 
axis  supporting  the  polyps,  and  capable  of  moving  at  the 
base*  In  Pennatula,  or  the  sea-pen,  there  are  secondary 
branches  in  which  the  polyps  are  situated  ;  this  polyp  is 
phosphorescent ;  one  species  (P,  aculeata  Danielssen)  Uvea 
in  deep  water.  An  Arctic  form,  Umbellularia  groenlandica^ 
is  a  gigantio  form,  growing  about  four  feet  high,  in  from 
three  hundred  to  two  thousand  fathoms.  The  species  of 
Renilla  are  kidney-shaped,  with  the  polyps  placed  on  one 
side*  ReniUa  rtmiformU  Cuvier  is  a  rich  purple  speoiea, 
occurring  in  the  sand  at  Charleston,  S.  C.  According  to 
Agassiz,  this  animal  is  remarkably  phosphorescent,  emitting 
golden  green  light  of  a  most  wonderful  softness.** 
rbile  coral  reefs  are  in  part  composed  of  AlcyonarianSi 
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lyzoa,  and  certain  plants  called  Null  [pores,  the  Madrepa- 
mria  in  the  main  are  the  true  reef-htiiklt^rs.     They  »re  eon- 
firifjd  to  waters  in  which  throagh  the  coldest  wni^-r  n\i>rith 
Uie  tempei^tiire  of  the  water 
does    not  fall   below  GS^   F,, 
though  usually  the  waters  are 
much   wanner  than  this,  the 
mean  annual  temperature  be- 
ing about  731*"  F.  in  the  North 
Pacific   and    70^    F.    in    the 
Sonth-    Coral  reefs  arc  abun- 
dant in  the  West  Indies,  but 
till  more  so  in  the  Central 
cific,    where    there    are    a 
inch  greater  number  of  gpe-  | 
jiee  of  corals  (Dana).     Along  %  I 
be    Bnieilian    coasts   as   far  ^| 
onth  as  Cape  Frio,  are  coral  ^ 
fs  (Ilsirtt)*    In  depth  living  | 
ttral-reef'builders  do  not  esc-  » 
more    than    fifteen    or  z, 
tj  fathoms  below  the  sur-  ^ 

M 
CotbI  reefs  are  divided  by  | 
Dmna  into  outer  or  barrier  ' 
(Fig.  57)  and  inner  reefs.  | 
barrier  reefs  arc  formed  w 
from  the  growth  of  corals  ex-  | 
IK>sed  to  the  open  seas,  while  * 
the  inner  or  fringing  reefs  | 
(Fig.  57)  are  formed  in  quiet  ^ 
water  between  a  barrier  reef  p 
and  the  island.  As  coral 
fs  are  usually  built  upon 
lands  which  are  slowly  sink- 
ing, barrier  reefs  are  simply 
ancient  fringing  reefs  formed  wlicn  the  ishiiiu  ^ii.u<i  higher 
abfjve  the  sea,  hence  they  are  built  up  iis  rapidly  as  the  hind 
sinks,  and  thus  the  top  of  tlie  reef  keeps  at  the  level  of 
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the  seiL  Tlio  rpcfs  are  often  of  great  thieknc;?*,  for,  as 
Danu  sajs,  *'  couJd  we  raise  one  of  tliese  coniUbound  jsland.^ 
from  the  ira%^es,  we  should  find  that  the  reefs  gtantl  iijion 
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the  giibmanuo  slo^te^,  like  massy  Btructnrcs  of  ftrtifieml 
ry  ;  gomo   formi nf|:  ii  hroad   flat   platform    or  shelf 
round  tho  land,  and  others  eneirelin^  it  like  vaBt 
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rampurts,  perhaps  a  hundred  miles  or  more  in  circuit.'* 
Darwin  lias  estimated  that  some  reefs  in  the  Pacific  Ocean 
are  at  least  2000  feet  in  thickness. 

Thus  far  we  have  spoken  of  reefs  surrounding  mountainous 
Islands  ;  coral  islands  or  aiolh  (Fig.  58)  resemble  snch  reefs, 
except  that  they  surround  a  lake  or  lagoon  instead  of  a  high 
island,  the  coral  island  itself  being  seldom  more  than  ten  or 
twelve  feet  al>0TC  the  sea.  and  usually  supporting  a  growth  of 
cocoannt  trees,  while  the  sea  maybe  of  great  depth  very  near 
the  outer  edge  of  the  atoll,  which  *^  usually  seems  to  stand  as 
if  stilted  up  in  a  fathomless  sea  "  (Dana).  These  reefs  and 
atolls  are  formed  and  raised  above  the  sea  by  tiio  action  of 
the  winds  and  waves,  in  breaking  up  the  living  corals, 
comminuting  it  and  forming  with  the  debris  of  shells  and 
other  limestone-secreting  animals  and  plants,  banks  or  de* 
posits  of  coral  mixed  with  a  chalky  limestone,  tis  the  base  of 
the  reef.  Wlien  it  rises  above  the  waves,  cocoanuts  and  other 
seeds  are  caught  and  washed  up  on  the  top,  and  gradually 
the  island  becomes  large  enough  to  support  a  few  human 
beings.  The  Bermudas  are  the  remnants  of  a  single  atoll, 
and  are  situated  farther  from  the  equator  tlian  any  other 
reefs.  Most  barrier  reefs  and  coral  islands  or  atolls  arc 
formed  in  an  area  of  subsidence,  where  the  bottom  of  the 
ocean  is  gradually  sinking  ;  this  accounts  for  the  peculiar 
form  and  groat  thickness  of  many  reefs.  On  the  other 
liand,  the  coral  reefs  of  the  West  Indies  are,  generally 
gfieaking,  in  an  area  of  elevation. 

A  section  of  a  coral  reef  is  shown  by  Fig.  59:  ii  is  the  point 
where  the  shore  slopes  rapidly  down  within  the  lagoon 
(which  lies  to  the  right),  and  m  is  where  the  reef  suddenly 
descends  toward  the  open  ocean.  Between  b  c  and  d  e  lies 
the  higher  part  of  the  reef.  The  shore  toward  the  lagoon 
slopes  away  regularly  from  rf  to  w  ;  while  toward  the  open 
ocean  there  is  a  broad  horizontiil  terrace  {a  to  b  c)  which 
becomes  uncovered  at  low  water. 

Tlie  theory  of  the  formation  of  barrier  reefs  is  shown  by 
the  diagram.  Fig.  60.  The  island,  for  example,  the  volcanic 
island  Core,  which  is  slowly  sinking,  at  the  ancient  sea-level 
I  is  surrounded  by  a  fringing  reef  //,  a  small  rock-terraco 
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at  the  former  level  of  tlie  sea.  Where  the  isknd  has  sunk  to 
the  level  of  the  water-line  II,  the  reef  ap|)ear8  at  the  eur- 
faeo  lis  at  h'  f,  b  f.  There  is  now  a  fringing  and  a  barrier 
reef,  with  a  narrow  eanal  between  them  ;  i'  is  a  section  of 
the  barrier  reef,  «'  of  the  canal  or  lagoon^  and  /'  of  the 
fringing  reef.  After  a  farther  submergence  to  the  geii^level 
111,  the  euaal  tf!*  beet>mes  madi  wider.  On  one  side  (//) 
the  reef  iia  present,  on  the  otlier  side  it  ha^s  disappeared^  ow- 
ing to  the  agency  of  ocean*€urrents.  Finally,  at  the  water- 
level  IV,  tliere  are  two  Bmall  islands  surrounded  by  a  wide 
lagoon,  with  two  reef- islets  T",  /'",  resting  upon  two  nub- 
marine  peaks.  The  coml  reef  has  now  grown  to  great  di- 
mensions, and  covered  almost  the  entire  original  islandy 
and  tljongh  the  reef-building  coral  polyps  cannot  lire  beloir 
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appoint  fifteen  or  twenty  fathoms  Ijelow  the  eurfiice,  yet  ow- 
ing to  the  slow  sinking  of  the  island,  they  build  up  the 
reef  as  rapidly  as  the  former  snbsides,  and  in  this  way  after 
many  centuries  a  coral  reef  somutimes  two  thousand  foRt 
thick  may  be  built  up  in  mid-ocean. 

Semper  has  called  attention  to  the  influenee  of  ocean 
currents,  and  tiieir  varying  strength  and  direct>on,  in  «hii|v 
ing  the  forms  of  coral  islands  and  I'eefs  ;  and  M<j«olej  boldi 
nearly  the  same  view  ;  neither  of  these  authors  iKacaepta  the 
theory  of  subsidence. 

Coral  reefs  are  mainly  confined  to  the  Western  and 
tral  Pacific  and  the  Indian  Oceans,  and  to  the  Caribb 
Sea*  None  occur  on  the  wetit  coast  of  North  Americii  ori 
Africa,  and  only  limiteil  putchcs  on  the  eastern  cooiet 
South  America.  There  were  palteozoic  reefs,  such  as  the 
foinl  coral  reef  extending  m^ross  the  Ohio  River  at  Louie- 
Tllle. 
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Cadenieraiet  with  a  digutite  sac  parUaUy  free  from  the  hody-eatUy  open- 
ing  itUo  it  below  and  held  in  place  by  six  or  eight  meeenterieeradicUing from 
the  digestive  cavity  and  dividing  the  perivisceral  space  into  chambers.  Mouth 
surrounded  with  a  drde  of  tentacles,  which  are  hollow,  communicating  di- 
reedy  with  the  perivisceral  chambers,  A  sUgMy  marked  bilateral  symmetry . 
To  the  edges  ofUte  mesenteries  (usually  the  free  ones)  are  attached  the  repro^ 
ductive  glands,  both  male  and  female,  or  of  one  sex  alone  ;  also  the  eraspeda, 
or  mesenterial  JUaments,  wlaeh  contain  a  large  number  <jf  lasso-cells.  Body 
either  entirely  fleshy,  or  secreting  a  calcareous  or  homy  coral-stock,  and 
when  the  species  is  social  connected  by  a  ecmenchyme.  In  some  forms  (sea- 
liens)  the  entire  eoUmy  capable  of  limited  locomotion.  No  wdlHnarked 
nervous  system,  but  a  plexus  of  fusiform  ganglionic  cells  connected  by  nerve- 
fibres  in  tJu  base  of  Actinians.  Beproduetion  by  self  division,  gemmation, 
or  by  ova,  tlte  sexes  being  separate  or  united  in  the  same  individual;  the 
yming  undergoing  a  morula  and  gastrula  condition,  and  then  becoming 
fxed. 

Order  1.  Zoantharia.^^fesenier\es  and  tentacles  usually  six  or  in  mul- 
tiples uf  six,  airallum  with  calcareous  septa.  Mesenterial  fila- 
ments abundantly  developed  (Astnea,  Madrepora,  Actinia). 

Order  2.  -d^o/wzrea.— Mesenteries  and  tentacles  always  eight  in  num- 
ber. Coral-stock  without  true  septa.  Mesenterial  fila- 
ments not  usually  numerous.  Corallum  usually  homy,  and 
the  whole  colony  in  the  Pennatulacea  capable  of  locomo- 
tion (Alcyonium,  Gorgonia,  Pennatula,  Henilla). 

View  of  the  Classification  of  the  Actinozoa, 

Alryonaria. 
(Alcyonium.) 

Zoanlhnria. 
(Actinia.) 


ACTINOZOA. 

Laboratory  FbrA:.— Verrill  has  preserved  Actinise  completely  ex- 
panded  by  slowly  addmg  a  saturated  solution  of  picric  acid  to  a  small 
quantity  of  sea-water  in  which  they  had  expanded.  When  dead  they 
should  be  transferred  to  a  pure  saturated  solution  of  the  acid,  and 
allowed  to  remain  for  from  one  to  three  hours,  according  to  size,  etc. 
They  should  then  be  placed  in  alcohol,  which  should  after  a  day  or  two 
be  renewed.  Thus  hardened  tliey  can  be  cut  into  sections.  Corals 
can  be  studied  by  grinding  or  sawing  sections,  and,  if  desirable,  treated 
as  in  the  case  of  the  corallum  of  the  Millepores. 
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Class  IIL — Ctekophora  {Comh-hearers). 

G^eneral  Characters  of  Ctenophoree.— Those  beautiful  an- 
imals derive  their  nurau  Vtenophora^  or  **  conib-bearers/* 
from  the  vertical  rows  of  comb-like  paddles  (etenophore-s) 
fiihmted  on  meridional  hands  of  muscles  which  serve  as  lo- 
comotive organs,  the  body  not  contracting  and  dilating  as 
in  the  true  jelly-Oshes.  In  their  organization  they  are 
more  complicated  than  the  Adinozoa,  jis  they  have  a  true 
digestive  cavity  parsing  throogh  the  body-cavity,  with  two 
posterior  outlets  (it  will  be  remembered 
tliat  Cerianthiis  hn.s  one  at  the  end  of 
the  body).  Prom  this  alimentary  canal 
arc  sent  off  eh  vmiforous  or  water-vascu- 
lar ciinals  (Fig.  01)  wiiich  correspond  in 
their  mode  of  origin  with  the  water- 
tubes  of  the  Echinoderms.  As  regards 
the  rows  of  puddles,  each  vertical  row 
consists  of  a  great  number  of  isolated, 
transverse,  comb-like  fringes  placed  one 
above  the  other,  and  movable,  either 
isoljitcly  or  in  regular  snccession  or 
gimultiinetiusly  (Agassiz).  As  these  rows 
of  puddles  are  eonneeted  for  their  whole 
length  with  a  chymiferous  tube,  they 
prahiibly  aid  in  respiration,  Thege  ani- 
nuib  also  sf  and  much  higlier  in  the  scale 
of  life  tluin  the  other  Ca?lenterate8  by 
being  more  truly  bilateral,  the  radial 
symmetry  so  marked  in  the  Actinia  or 
in  the  jelly-flsh  being  in  these  animals  less  apparent,  as  the 
parts  are  develo]>ed  on  opposite  sides  of  a  median  plane. 
The  nervous  system,  as  originally  described  by  Grant,  con- 
sists of  a  ganglion  situated  at  the  aboral  end  (end  opposite 
to  the  mouth)  of  the  Pleuruhrachitu  from  which,  among 
other  tiervcs,  eight  principal  ones  are  distributed  to  the 
eighf  rows  of  paddles,  A  nerve  also  procee«l8  to  the  so* 
culled  otolitic  %iw  (lithoeyst)  seated  upon  the  ganglion, 
r  has  hitely  shown   tlrat  the   nervous  system  of  tho 


—  View  of  thp 

'  the   twu   ictrJiclili>    flnm 
I  Kave   \jeen   n'TOovwl,     ^t, 

frr-iii  run.'  -i(k',  iho  mtiuth- 
*  M»voi  D.   Hx*n 
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Cienopkora,  mb,  for  example,  that  of  Beroi,  agrees  in  general 
with  that  of  the  jelly-fishes,  with  the  difference  that  in  the 
Ctenophores  the  nerve-centres  are  not  situated  on  the  edge., 
but  at  the  pole  of  the  body  opposite  the  mouth.  On  tlie 
otlier  hand,  the  nervous  system  is  not  radiated  as  in  the 
jelly-fishes  or  as  in  the  Echinoderms. 

Oar  commonest  example  of  this  class  is  the  Plexirobrachia 
rhododactyla  Agaasiz.  It  is  a  beautiful  animated  ball  of 
transparent  jelly  moving  through  the  water  by  means  of 
eight  rows  of  minute  paddles,  throwing  out  from  a  sac  on 
each  side  of  the  body  two  long  ciliated  tentacles.  It  is 
abundant  in  antumn  ;  sometimes  thousands  may  be  seen 
stranded  on  the  shore  at  low  water. 

That  the  Ctenophores  have  afiinities  to  the  sea-anemones 
(Actinozoa)  is  seen  in  the  form  and  relations  of  the  diges- 
tive tract,  though  it  differs  in  hanging  free,  not  being  held 
in  place  by  radiating  mesenteries,  and  in  this  re8|>ect  they 
approach  the  Echinoderms.  From  theii*  possessing  a  dis- 
tinct digestive  tract,  the  Ctenophores  need  not  be  confounded 
with  the  jelly-fishes  (Hydrozoa).  On  the  other  hand,  they 
present  some  advance  over  tlie  Actinozoa,  and  in  some 
respects  connect  the  Hydrozoa  and  Actinozoa  with  the 
Echinoderms.  For  example,  the  water-vascular  system 
arises  in  the  Ctenophores  as  outgrowths  from  the  digestive 
sac,  as  they  do  in  the  young  star-fish  and  sea-urchins.  This 
indicates  that  in  the  mode  of  development  of  both  the  di- 
gestive tract  and  the  water- vascular  system  the  Ctenophores 
are  allied  to  the  Echinoderms  rather  than  to  the  Hydrozoa, 
in  which  the  water- vascular  tubes  arise  as  simple  hollows  in 
the  body-mass.  Moreover,  they  are  less  radiated  than  in 
the  Hydrozoa  or  Echinoderms.  * 

In  BoUna  alata  Agassiz  the  body  is  plainly  bilateral  and 
the  water- vascular  tubes  are  very  distinct.  In  Idyia  roseola 
Agassiz  the  mouth  is  large,  the  stomach  wide,  and  the 
body  is  of  an  intense  roseate  hue.  This  beautiful  species  after 
death,  late  in  summer,  is  very  phosphorescent ;  all  Cteno- 
phores, however,  even  their  eggs  and  embryos,  are  i)hospho- 
rescent.  In  the  Ctenophores  the  ovaries  and  spermaries  occur 
in  the  same  individual  and  form  blind  sacs  attached  to  the 
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water- vascular  tubes,  and  iire  developed  lociilly,  us  ia  Cesitt 
or  aloug  the  whole  length  of  the  tubes,  the  sexually-differ- 
ent glands  being  placed   in  Bero'^  and  allies  on  op|>o&i 
sides  of  the  tube. 

When  ripe  tlie  eggs  pass  into  the  perivisecral  space,  nxi 

Inally  pii&s  out  through  the  openings  of  the  body.  The 
Dgga  of  Phnrobrat'hia  escape  singly  ;  ia  Bolimt  they  are 
laid  in  strings,  w^hilo  those  of  Idyia  are  deposited  in  a  tliick 
slimy  mass.  They  spawn  late  in  the  summer  and  in  the 
autumn.  The  young  develop  in  the  autumn,  l>ecomiug 
nearly  mature  in  the  following  spring*  Development  is  di 
reet,  the  youug  hatching  nearly  witli  the  form  of  the  adult, 
there  being  no  metamorphosis. 

The  q>eeies  are  widely  distributed,  a  number  being  com- 
mon to  both  sides  of  the  Atlantic,  and  the  same  species,  ap^ 
i|>arently,  of  Pleitrnbrachia  and  klijia  occur  on  the  east  and 

vest  coast  of  Xortli  America.     The  most  widely  distrilmted 
forms  are  the  Beroids.     While  the  genus  Mertensia  is  en- 
tirely arctic,  the  larger  number  of  species  are  either  tropi- 
cal or  siibtropicah     The  classification  of  the  group  is  shown 
in  the  following  summary. 


Class  IIL— CTENOPUORA. 


Sph^rieat  or  otvl,  $oineteJi(d  fnlaUrnl,  amredif  radiated  ammaU,  with 
jellgMke,  trnfUfMinnt  iMtdies.  Tft^  digeMitt  traet  ojtenM  at  the  potterior 
€nd  into  the  j^eriPtJitrrul  carit^  ;  from  the  muni  jta^  off  eight  itater~ta$^ 
eular  tuU4,  wfiii'h  are  in  d<m  relation  trit/i  eight  pcrtieal  fti^ridii/fud  $tne» 
^  cotnfulike  U>c*mu>tit€  <^yi[t/i#.     UmiaUy  a  pfiir  of  tctitaeks,  nhieM  ttutif^ 

withdrawn  inJh  me^f,  at^d  are  prtmd*d  with  thicJcMi  UymhCftU  on 
ihe  (ct^tiirutar  fringes,     Nermu^  tfSf»t4tm  eondi^ting  of  at^  a^^ral  gattf/lionJ 
tending  off  right  nerwuM  JUamentn  to  each  if  the  eight  raws  of  paddl^^t 
The  sexual  glands  tttntrd  in  the  mmfi  indiridHol.      No  mfttiiniifrpho$i§^\ 

'.  yruug  wftrn  hatched  rtsemUing  the  adult. 

Order  1,  Eurytitomea. — Body  oval,  with  a  large  mouth  and  rjipaclou 

hlomiicli*     The  water-vascular  tubes  eonnecr«^d  with  tlu 
clcnophorcs,  aati  fonning  numeroiis  ramifloutlons  commu 
tiiaitlag  by  mcnns  of  a  circuJar  canal  near  the  mouth' 
/BtrniT.  lij>ia). 
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OrdiT  2.  8iEMam.—Bodj  more  or  less  spherical,  with  two  long  tenta- 
cles capable  of  being  whoUy  retracted  in  a  sac  (Pleoio- 
brachla). 

Order  3.  Tamata, — ^Body  ribbon-like,  being  very  much  compresMd  in 
the  direction  of  the  lateral  diameter  (Cestum).  1^ 

Order  4.  Xo&oto.— Body  lateral,  compressed,  bilobcd  (Bolina). 

View  of  the  CLAssuncATioif  of  tub  Ctehophosa. 

Lobaia, 
(BoUno.) 


T*pniaia. 
iCcMum.) 


Saceaia, 
(Plcurobrachia.) 


Euryttamem, 


Ctekopiioha. 

Laboralory  Work. — ^The  Ctenopborae  should  be  studied  while  alive. 
ITiey  may  be  collected  with  a  drag  or  tow -net  from  a  boat  when  the 
surface  of  the  ocean  is  calm.  For  studying  the  fine  anatomy  and 
tissues  they  should  be  treated  by  the  same  methods  as  the  smaller  jelly, 
fishes. 


CHAPTER   IV. 


I 


HEANCH   lY.— ECIIINODERMATA  (Starfish,  Sea- 
URcniKS,  Sea-cucusibers^  etc.) 

General  Cbaractera  of  EchinodomiB.— We  now  come   to 

animiils  of  much  more  complicated  structure  than  any  of 
tlic  foregoing  brauclies,  and  in  which  tlie  radiut<?d  arrunge- 
ment  of  the  parts  of  the  body  is  in  most  cases  as  marked 
^418  the  jointed  or  ringed  structure  of  worms  or  insects  ;  for 
Jot  only  are  the  body-walls  of  the  star-fish  or  sea-urchin,  or 
^ren  many  of  the  Hoi othn nans  (though  less  plainly),  di- 
vided into  live  wedgo-sliaped  portions  (itpheromeres)^  or  pro- 
duced into  Hvc  arms  us  in  the  common  star-tish  or  five- 
finger,  hut  the  nervous  system,  the  reproductive  organs, 
the  blood  and  water- vascular  systems,  and  the  U>comotive 
appendages  of  the  latter,  are  usually  arranged  in  accordance 
with  the  externally  radiated  form  of  the  body.  Still  these 
animals  are  in  many  ca^es,  as  in  the  higher  sea-urchins, 
plainly  bilateral,  while  in  the  larval  forms  of  all  Eehino* 
dcrms  whoso  development  is  known  the  young  are  not 
radiated,  but  more  or  less  bilateral,  as  in  the  larvae  of  worms 
and  mollusks.  The  most  trenchant  character,  however, 
separating  the  Echinoderms  from  theCmlenterates,  and  ally- 
ing them  to  the  worms,  is  the  genuine  tube-like  digestive 
canal  which  lies  free  in  thcbody-cavity  (perivisceral  cavity)^ 
and  may  be  several  or  many  times  the  length  of  the  body. 

*  The  student  can  gain  a  correct  idea  of  the  gcnend  struc- 
ture of  the  Echinoderms  from  a  careful  examination  of  the 
common  star-tish  (Asff>riff.9  rulffnriM  Stimpson),  which  is  the 
most  common  and  accessible  Echinoderm  to  he  found  on  the 
New  England  shores*  After  placing  a  star-fish  in  some  soa- 
'^'^■^ter  and  noticing  its  motions,  the  thrusting  out  of  the  am* 
feet  or  suckers  hy  which  it  pulls  or  warps  its  clumsy 


I 


STRUCTURB  OF  COMMON  8TAR-FI8ff,  9? 

body  over  the  mnsael-bedsy  or  rocks,  or  weeds,  the  amis 
being  capable  of  slightly  beuding  ;  after  obserying  the  red 
eye-spot  at  the  end  of  each  arm  or  ray,  and  the  moyements 
of  the  numerous  spines  which  are  attached  to  the  separate 
plates  forming  the  calcareous  framework  of  the  body- 
walls,  and  examining  the  movements  of  certain  modified 
spines  cM(A pedicellarice^  which  are  pincer-like  bodies  situ- 
ated among  the  spines,  the  student  will  be  ready  to  study 
the  external  and  internal  anatomy. 

First,  as  to  the  calcareous  framework  of  the  star-fish. 
In  order  to  study  this,  a  transverse  section  should  be  made 
through  an  arm,  and  a  vertical  one  through  the  body  and 
along  the  middle  of  a  single  arm,  and  finally  the  animal 
should  be  divided  into  two  halves,  an  upper  and  lower.  It 
will  then  be  seen  that  the  calcan^ous  framework  or  so-called 
skeleton  consists  of  a  great  number  of  limestone  plates  or 
pieces  attached  by  a  tough  membrane  and  covered  by  the 
skin.  Between  the  "plates  are  spaces  by  which  the  water  enters 
tlie  body-cavity  through  the  skin.  These  plates  arc  armnged 
so  as  to  give  the  gi'catest  strength  and  lightness  to  the  body. 
There  is  also  to  be  seen  an  oral  (actinal)  side  on  which  the 
mouth  i^  situated,  and  an  aboral  (abactinal)  side,  the  re- 
spective limits  of  which  areas  vary  greatly  in  the  different 
groups  of  Echinoderms.  Each  arm  or  ray  is  deeply  chanr 
nelled  by  the  ambulacral  furrow  containing  four  rows  of 
suckers  or  "ambulacral  feet,"  which  are  tentacle-like 
protrusions  of  the  skin  growing  out  through  orifices  in 
the  ambulacral  plates,  and  are  a  continuation  of  the  water- 
sacs  or  "ampullae"  within.  The  madreporic  plate  is  a 
flattened  hemispherical  body  situated  on  the  disk  between 
two  of  the  arms.     It  is  perforated  by  canals. 

We  are  now  ready  to  examine  the  internal  organs  and  to 
study  their  relations  to  one  another  and  to  the  body-walls. 
The  nervous  system  may  be  seen  without  dissection.  By 
closely  examining  the  mouth  a  pentagonal  ring  is  seen  sur- 
rounding it,  each  angle  slightly  enlarging*  and  sending  off 

*  Owfsiannikoff  states  that  the  nervous  ring  is  a  flat  band,  con- 
tiuoing  no  swellings  or  ganglia,  and  not  differing  in  structure  from  the 
iimbulacral  nerves,  which  latter  possess  ncrve-ccUs  as  well  as  fibres. 
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a  nervous  eortl  to  tlie  eye  at  the  end  of  the  my.  It  inny  be 
discovered  by  pressing  apurt  the  anihwliicnil  feet  along  the 
median  line  of  eacli  iirni.  Fine  nerves  are  sent  off  to  each 
sucker,  parsing  tlirougli  the  opening  between  the  cutcareou^ 
plates  and  extending  to  each  ampulla,  thus  controlling  the 
movements  of  the  ambulacral  feet 


¥1pc>  (B-— LoDgitoi^taat  eection  through  thebodvandcnowmof  AMmim  tftigarU, 
fw,  imnith;  &,  ptoauich;  ^  lobe  of  t^tomjkGh  oxtoniuiij;  Into  tbe  •nn:  a,  annn;  nr*  m*r* 
VMit!-  rinfj ;  H^  rudJjii  uurve ;  wr.  water- vtuMritlAr  ling,  ffCDding  «  ndiol  vcw^l  (p)  Into  ibo 
ttrm  ;  mp,  muATeporiv  p]»U' ;  t ,  Ktoun  caluiI  ;  A,  lusnuil  cannl ;  op,  <A-idact ;  o,  ov»nr ; 
owt,  am(>ullM9,  ib€  nniijulacrul  feci  projuctiiig  bekvw;  &,  ooecft  or  ilver. — Dntwn  by 
A.  K  Uruy.  tmtlur  aiutbor'a  dlR'clion. 

The  month  (Fig.  62,  i;/)  is  capacious,  opening  by  a  short 
O'sopbagus  into  a  capacious  stomach  (Fig.  6*2,  s)  with  thin 
distensible  walls,  and  sending  a  long  lobe  or  sac  (Fig,  G12,  /) 
into  the  base  of  ea^^h  arm  ;  each  sac  is  bound  down  by  two 
retractor  nmsclcj^  attached  to  the  median  ridge  lying  be- 
tween the  two  rows  of  water-sacs  (ampullce,  see  also  Fig.  63), 


^    A 


UlCk  6B.— Bliicnun  c»f  ihe  ffOfi!^ft»ctir)n  nf  An  nim.    A.  of  A*(*riaM  rud«fu ;  B.  of 
Oi^hinta  itjtturata  :  Mt,  ittilliuiimml  fi-H^i ;  //.  iimpuUtt? :  t.  (Irnruil  t«'|}lfwi]r«  :  n.  ti«rvaiM 


The  stomach  ends  in  a  short  intestine,  the  limits  l)etween 

the  two  not  distinctly  seen.     The  intestine  suddenly  con- 

*r^l4*  and  encls  in  a  minute  rectum  situated  in  an  angle 

Iween  two  of  five  flesliy  riilges  nwliatiag  from  the  centre 


amucTURs  of  common  starfish. 


of  the  sibaral  disk.  The  aniiB  (Fig,  OJi,  a)  is  miniito  and 
difficult  to  detect,  being  eitiuited  between  the  short  spineg, 
luid  t«  evidently  not  used  in  the  expulsion  of  faecal  matter 
utiles  tiie  urLnnry  secretions,  if  there  be  such,  pass  out  of 
it*  It  would  seem  as  jf  the  opening  were  rudimentary  and 
thttt  the  Btar-tish  had  descended  from  Echinodcrma  like  the 
Crinoid^i,  in  which  there  is  a  well-marked  external  terminal 
ofK-ning  of  the  digegtive  tract  Appended  to  the  intestine 
are  the**  coeca  '*  or  "  liver  '*  (Fig.  «2p  A),  consisting  of  two 
Jong,  tree*like  masses  formed  of  dense  branches  of  from 
four  to  six  |>ear-Bhaped  follicles,  connecting  by  a  short  duct 
writh  the  main  st^m.  The  two  main  ducts  unite  to  form  a 
fhort  common  opening  into  the  inteetine.  The  cceea  are 
usually  dark^  livid  green,  and  secrete  a  bitter  digestive 
fluid,  representing  pi-obably  the  bile  of  the  higher  animals. 

The  stiir-fi^h  is  bisexual,  but  the  reproductive  glands  are 
much  alike,  the  sexes  only  being  distinguishable  by  a  micro- 
ficopic  examination  of  the  glands.  The  ovaries  (Fig*  62,  o) 
are  long  nicemose  bodies  lying  along  each  side  of  the  in- 

rior  of  the  arms,  and  the  eggs  are  said  to  pass  out  by  a 
ihort  narrow  oviduct  {ov)  through  an  opening  between  two 
plates  on  each  side  of  the  base  of  the  arms,  the  opening  be- 
ing small  and  difficult  to  detect.  • 

The  water-vascular  system  consists  of  the  madreporic 
body,  the  **  stone-canal "  (Fig.  G^,  / ),  the  ring  or  circumoral 
canal  (t^),  and  tlie  radial  vessels  (r)  ending  in  the  water- 
sacs  {am)  and  anibulacral  feet  The  stone-canal  begins 
at  the  outer  and  under  side  of  the  sieve-like  madreporic 
body>  passing  directly  forward  and  downward  in  a  sinuous 
eourse  to  the  under  side  of  the  circumoral  plates.  The 
madreporic  body  {mh)  is  externally  seen  to  be  perforated  by 
linear  apertures  radiating  and  subdividing  toward  the  pe- 
riphery. The  sea- water  in  part  enters  the  body-cavity 
through  the  fissures  in  the  madreporic  body,  while  most  of 
it  enters  the  stone-canal,  which  is  a  slender  tube  scarcely 
out?  fourth  the  diameter  of  the  entire  madreporic  body. 
The  water  entering  the  st-one-canal  (Fig.  62»  /)  passes  di- 
rectly into  the  water-vascular  ring  (Fig.  62)  and  then  into 
the  ten  Polian  vesicles  and  the  five  radial  ^  anals,  whence 
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it  is  conveyed  to  each  wtit^r^sac  or  ampulla  (Fig*  0*^,  nm). 
These  pear  shaped  water-sues*  when  contracted,  are  supposed 
to  press  the  water  into  the  long  slender  suckors  or  amhulacml 
.feet,  which  are  distended,  elongated,  and  by  a  sucker-like  ar- 
Prangement  at  the  end  of  the  prehensile  foot  act  in  conjunc- 
tion witli  the  others  to  warp  or  pull  the  star-fish  along. 
Besides  locomotion  the  ambulacral  feet  serve  for  respiration 
and  jMirception  (Simroth).  Hoffman  shows  that  the  feet 
of  the  sea-urchins  can  he  projected  or  thrust  out  without 
the  aid  uf  the  anipnllae. 

It  will  thus  1)0  seen  tlnit  tlie  water- vascular  system  in  the 
Btar-Hsli  is  in  its  functions  partly  respiratory  and  partly 
locomotive,  while  it  is  in  connection  with  the  vascular  sys- 
tem, and  thus  partly  aids  in  circulating  the  blood  and 
chyle. 

Of  the  true  vascular  or  blood  system  the  student  can  ordi- 
narily only  discover  one  portion,  the  so-called  **  heart"  or 
'*  pulsating  vessel/-  which  we  may  call  the  hiroial  canal  {Fig. 
02  A),  and  which  runs  parallel  to  the  stone-canal  from  the 
madreporic  body  to  near  the  ring-canal.*  It  is  nearly  as 
large  as  the  stone-canal,  slightly  sinuous,  muscular,  and  with 
the  latter  is  surrounded  by  a  loose  investing  membrane  like 
a  pericardium.  Some  observers  deny  the  existence  of  a  vas- 
P>€ular  (sometimes  called  **  pscudohsemal  ")  system,  but  it  has 
been  recently  studied  by  lIofTman  and  suhaeqoently  by  Teu- 
gcher,  who  maintains  that  in  all  Eehinoderms  there  are  two 
systems  of  blood-vessels,  which  belong,  one  to  the  viscera  and 
the  other  to  the  nervous  system,  forming  an  oral  or  nervous 
ring  and  an  anal  ring.  The  two  rings  are  in  direct  com- 
munication in  the  starfishes,  Ophiurans  and  sea-urchins, 
but  not  in  the  Ilolothurians.  The  nuljal  nerves  arc  ac- 
companied by  a  vessel  which  subdivides  and  distributes 
branches  to  the  ambulacral  feet  in  star-fishes,  Echini,  and 
Holothurians.  Ten  sober  considers  that  the  *'  heart  "  found 
in  the  star-fishes  and  Echini  connecting  the  oesophageal  (e 
nerve-ring)  and  atuil  ring,  is  neither  a  gland  nor  a  pulsating 
vessel,  as  diflorent  authors  have  supposed,  but  perhaps  only 

•Simroth  states  Umt  in  Ophiurans  (Ophhictis)  iho  stone  caud  opeoi 
ooitnon  wiUi  the  "  heart"  iato  the  madirporic  i>l»tc. 
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a  relict  of  an  earlier  period  ot  deyelopment  In  the  Oplii- 
nrans  the  oral  canal  opens  directly  into  the  body-cavity ; 
in  Echinothrix  directly  connects  with  the  outer  world  by 
means  of  the  interradial  canals.  Finally,  he  regards  the 
nerrons  vessel  as  homologous  with  the  ventral  vessel  of  the 
worms. 

Having  made  ourselves  acquainted  with  the  general  struc- 
ture of  the  Echinoderms  as  exemplified  in  the  star-fish,  we 
are  prepared  to  study  the  modifications  of  the  Echinoderm 
plan  in  the  different  classes. 


Class  L— Crinoidea  {Sione-Ulies,  Encrinites,  etc.) 

Order  1.  Brachiata.r—Tlie  living  representatives  of  those 
Crinoids  which  lived  in  palseozoic  and  early  mcsozoic 
times  are  few  in  number,  and  for  the  most  part  live  in  deep 
water,  or,  as  in  the  case  of  Rhizocrinus  and  its  living  allies, 
at  great  depths.  They  are  like  Limulua  and  Nehalia,  rem- 
nants of  an  ancient  fauna.  There  are  but  eight  genera 
known — viz.,  Holopus,  Bhizocrinus,  Baihycrinus,  Ilyocri' 
nus,  Fentacrinus,  Cotnaster,  Actinometra,  and  Antedon 
(Comaiula).  Of  the  first  five  genera  the  species  are  attached 
'  by  a  stalk  to  the  sea-bottom,  while  the  last  three  genera  are 
in  their  young  state  stalked,  but  finally  become  detached. 
The  body  or  calyx  divides  into  arms  hear'mg  ptnnulw  or  sub- 
branches.   J 

The  Pentacrinus  lives  attached  to  rocks  from  twenty  to 
thirty  fathoms  below  low-water  mark  in  the  West  Indies. 
The  stem  is  about  a  foot  long,  the  joints  pentagonal,  send- 
ing off  at  intervals  whorls  of  unbranched  cirri.  "  Xo  dis- 
tinct basal  piece  is  known,  but  the  calyx  appears  to  begin 
with  the  first  five  radialia  "  (Huxley).  Pentacrinus  ca- 
put-medu8CB  Miiller  (Fig.  64)  and  P.  Malleri  Oersted  are 
West  Indian  species.  P.  Wyvitte-Thompsoni  Jeffreys  was 
dredged  in  deep  water  on  the  coast  of  Portugal.  In  the 
fossil  P.  subanffiilaris  the  stalk  was  more  than  fifty  feet  long. 
Bathycrmus  gracilis  Wyville-Thompson  u  closely  allied 
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to  Rhizorrimis,  and  was  dredged  in  the  Bay  of  Biscay  at 
the  depth  of  2435  fathoms.  B,  Aldrichianus  occurred  in 
jl850  fathoms,  latitude  1*^  47'  K.,  longituile  24^  2&  W.,  off 
the  coast  of  Brazil.  With  it  and  also  near  the  Crozet 
Islands  occurred  the  interesting  ff^ocrinus  BetfielUanui 
Wyville-Thompson,  which  bears  in  some  points  resemblance 
to  the  palaaozoic  genus,  Flatycrinus. 


Fli;.  {^.—ft,  Penfaer4nu»  eap^ti-mtduMi,  half  nntuntJ  c1ju«;  b,  CA)]rz-dlflJc  m 
»bovc,  UAtur&l  »l»o.— Fmm  Brebm'if  TKiertoUin. 

The  most  widely  distributed  gpocios  is  the  Rhitocrinus 
lofotensh  of  8ars  (Fig.  *i5),  which  is  closely  relatt^d  to  the 
Bourguetlicrinus  of  the  chalk  formation^  ami  forma  the 
transitional  type  connecting  the  Apiocrinidm  with  the 
^■ee-moving,  unstalked  Antcdan,     It  occurs  at  the  depth  of 
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one  hundred  to 
bou^aud  fathoms 
in  the  North  Atlantic 
katid     Floridnn    eeas, 
ad  is  a  cbamcteristic 
aember  of  the  abyssal 
auna.     This  criaoid 
f consists  of  a  jointed 
stalk,    It    cup  shaped 
^body    {caltfx),    from 
he    edge    of    which 
from    fire    to    seveu 
(the  number  varies) 
arms  {hrachia)  nidi- 
ate,  which  subdiv^idc 
into  a  double  altcr- 
ate    series    of  pin^ 
Bnlm.    The  mouth  is 
litaatod  in  the  centre, 
Irhile  the  anus  is  situ- 
ed  on  a  conical  pro- 
ction  on  one  side  of 
he  oral  disk,  between 
he  bases  of  two  of 
the  arms.     R,  Raw- 
30ni  Pourtales  oc^cnrs 
in  from  eighty  to  one 
knndred  and  twenty 
thorns     at    Barba- 

'  In  llohjni9,  a  short, 
out  form   witli   no 
stalky    bnt    af^ 
by  a  broad  eu- 
asting   base,   there 
!  ten  arms  originat- 
from    five    axial 
«nt0.     "  When  con- 
L'ted  the  arms  are 


Flc.  f^.-ShUoeHnuf  l4ifhbnti§  Sam,  twloo  nntara] 
♦l»c.— After  WyvllUTTl>«fiMi«j«, 
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rolled  in  a  spiral  and  press  laterally  against  one  another  ao 

as  to  enclosiJ  a  hoi*metically  closed  cavity."  The  pmntil^ 
aro  formed  of  broad  tiat  jointii,  and  are  ''  rolled  spirally  to- 
wanl  the  atiibiilacrul  cluumelof  the  arms  when  contracted** 
(l*uiiitah»s).  The  only  species  yet  known  is  //.  Jinngii 
D'OrlM^iiy,  from  Barbadoes. 

In  Afth'dan  {Couiattfla)  the  body  is  at  first  stalked,  bat 
afterward  tirops  off,  when  it  j-epresent^  the  calyx  and  arms 
of  tliQ  ordinary  Crinoids.  It  thus  passes  through  a  Bhizo- 
crinns  condition,  showing  that  it  is  a  higher,  more  recent 
fiji-m*  The  month  opens  into  a  short,  broad  oesophagus, 
jind  a  wide  stouiaeh  which  makes  a  turn  and  a  half,  ending 
in  the  uual  cone  placed  between  the  base  of  two  of  the  arms* 
Willi  in  the  !lve  triiingtdiir  plates  is  a  circle  of  tentacles. 
From  tlie  epace  between  each  pair  of  oral  plates  the  unibu- 
lucral  grooves  radiate  to  the  arms  and  their  branches.  H. 
Ludwig  maintains  tliat  Anterhm  possessci?  a  true  water- vas- 
cular system  formed  on  the  typical  Echinoderm  plan ; 
tlicre  being  a  ring-canal,  with  radial  vessels  arising  from  it, 
Tlie  tentacluB  of  the  )>erisomo  are  connected  with  the  ring- 
canah  and  the  tentacles  of  the  arms  and  pinnuhe  are  con- 
nected with  the  radial  vessel.  Ludwig  has  also  discovered 
in  Anfrdun  a  system  of  blood* vessels  (*' psendo-ha?mal  " 
system)  consisting  of  an  «)ral  ring^canal  and  five  vessels 
radiating  from  it,  which  send  branches  to  the  tentacles,  m 
in  Asferias,  He  also  detected  a  **  dorsal  organ,"  which 
he,  contrary  to  Pcrrier  and  P.  IL  Carpenter,  considers  to 
bo  the  central  organ  of  the  whole  system  of  blood -vessels. 
Both  Ludwig  and  Carpenter,  however,  regard  it  as  homolo- 
gous with  the  so-called  '*  heart  ^*  or  haemal  canal  of  Echini 
and  Asterias. 

The  nervous  system  consists  of  an  oral  ring  with  branches 
extending  into  the  arms. 

The  hody-cavity  extends  into  the  arms,  and  the  ovaries 
for  the  most  part  lie  in  t!io  cavity  of  the  arms,  as  in  Astrnts^t, 

The  iaternal  anatomy  of  Rkizocn'nm  has  been  invest!' 
gated  by  Ludwig,  who  finds  that  it  agrees  very  closely  with 
that  of  Antedon.  The  water-vascular  syst-cm,  nervous  svs- 
tom,  alimentary  canal  and  its  ap|>endages,  have  the  same 
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relatiaofl  as  in  the  tinstalkcd  Crinoids  {Aniedon  and  Aciii^ 
mmiira},  only  they  arc  on  a  simpler  plan,  there  being  a 
dose  similarity  between  Rhizocrinus  and  the  pentacTinoid 
stage  of  Aniedon. 

The  oTiiries  of  Antedon  open  externally  on  the  pinnules 
of  th«  arms,  while  there  is  no  special  opening  for  tlie  prod* 
nct«  of  the  mule  glands,  and  Thompson  thinks  that  tlio 
qiermutic  partiek«  arc  *' discharged  by  the  thinning  away 
and  dehigccnce  of  the  integument."  The  ripe  eggs  hang 
for  three  or  fonr  days  from  the  opening  like  a  bunch  of 
grapes,  and  it  is  during  this  time  that  they  are  fertilized. 
The  following  account  is  taken  (sometimes  word  for  word) 


ffe  Mr-t^^lopincnt    ot  n  Critmli!  iAnfedm,).    A,  monilu;  JI,  free  larva,  with 

from  WyTille-Thompson's  researches  on  Aniedon  rnmceus 
(Fig.  fit)  of  the  European  seas.  In  the  first  stage  the  egg 
undergoes  total  segmentation  (Fig,  CO),  ,1  represents  the 
egg  with  four  nucleated  cells,  an  early  phase  of  the  mul- 
berry or  morula  stage.  After  the  process  of  segmentation 
the  yolk  is  finished,  the  cells  become  fused  together  into 
I  mass  of  indifferent  protoplasm,  with  no  trace  of  organiza- 
tion, but  with  a  few  fat  cells  in  the  centre.  This  pro- 
^plaemic  layer  becomes  converted  into  an  oval  embryo, 
surface  is  uniformly  ciliated.  The  mouth  is  formed 
"with  the  largo  cilia  around  it  before  the  embryo  leaves  tlie 
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^gg^     When  hatched,  the  larva  Js  long*  oval,  and  girded  ( 
with  four  zones  of  cilia,  with  a  tuft  of  cilia  at  the  end,  %\ 
mouth   and  anal-opening,  and  is  about  eight  milljuietres 
long.     The  body-cavity  is  formed  by  an  inversion  of  the 
jnimitive  layer  which  seems  to  corTOspond  to  the  ectoderm. 
Witliiu  a  few  hours  or  sometimes  days,  thei*e  are  iiidicii* 
tionts  of  the  calcareous  areolated  plates  forming  the  cup  of 
the  future  crinoid*     Soon  others  appear  forming  a  sort  of 
trellis- work  of  plates,  and  gradually  build  up  the  stalk,  and 
lastly  apjiears  tlie  cribriform  basal  plate.    Fig.  OG,  B^  c,  i-ep- 
resents  the  young  crinoid  in  the  middle  of  the  larva,  whose 
body   is   somewhat  compressed  under   the   covering-glass* 


AuUdot^  »tiilk«d  iiiMl  free. -From  MnciiUi*lef. 

Next  appears  a  hollow  sheath  of  parallel  calcareous  rods, 
bound,  as  it  wei'c,  in  the  centi^e  by  the  calcareous  plates. 
This  stalk  {B,  c)  arises  on  one  side  of  the  digestive  cavity 
of  the  larva,  and  there  is  no  connection  between  the  bodj- 
cavity  of  tlio  larva  and  that  of  the  embryo  crinoid. 

Two  or  tlirec  davB  after  the  appearance  of  the  plates  of 

the  crinoid,   the  larva  begins  to  change  its  form.      The 

tnouth  and  digestive  cavity  disappear,  not  being  converted 

into  those  of  the  crinoid.     The  larva  sinks  to  the  bottom, 

^  resting  on  a  sea-weed  or  stone,  to  wliich  it  finally  nA- 

The  Pentacriniis  form  is  embedded  in  the  larval  liody 
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(the  ctlia  haying  disappeared ),  now  constituting  a  lajrer  of 
proloplann  conforming  to  the  outline  of  tlie  Ante<lun. 

Meanwhile  the  cup  of  the  eriuoid  hiis  been  fomiinp.  It 
tlken  aaaiimes  the  shape  of  an  ojien  bell ;  the  mouth  ia 
forroed,  and  ^ye  lobes  ari^e  from  the  cd^es  of  the  Ciilyx. 
Aft*^rward  live  or  uiui^,  uj^ually  fifteen  tentiK-les,  grow  out, 
and  the  young  Antedon  apiieara,  aa  in  Pig.  66,  C  T!io 
walk  of  the  stomach  then  separate  from  the  l>ody-walIa. 
The  animal  now  begins  to  repre^nt  tiie  primary  stalked 
stage  of  the  Crinoids,  that  which  is  the  permanent  «tuge  in 
RhizacrinuH,  Penfurrtnus,  and  their  fosflilallieii.  After  liv- 
ing attached  for  a  while  (Fig.  07),  it  becomcH  free  (see  right- 
band  figure)  and  moves  about  over  the  sea- bottom* 


11^  m— A  BUi9tol(l«  i**atrtmiU*^  «cen  from  the  oldv  nm\  from  mIjovc— After  LQUcwii. 

There  are  two  Bpeeies  of  Antedou  oji  tlie  New  England 
coast,  one  {A.  Sarsii)  inhabiting  deep  water  in  about  one 
hundred  fathoms,  and  the  other  (J.  EMchrichfii  M tiller) 
ahflllower  water  (twenty-live  fathome)  in  the  Gulf  of  Muine. 

Order  2*  lUaMoidea, — Xo  forma  have  beeji  diaeovered 
later  than  tlie  Carboniferous  jwriod.  The  group  bcgiin 
ita  existence  as  si)ecie8  of  Peniretniies  (Fig.  08)  in  the 
TTpper  Silurian,  and  culminated  in  the  CurlioniferouB  age. 
It  connects  the  Crinoids  with  the  Cystideruis  ;  the  species 
hhv6  no  arms,  are  supported  on  a  short,  jointed  stalk,  and 
the  oral  plates,  when  closed,  as  they  aire  in  a  fossil  state, 
make  the  calyx  look  like  a  flower-bud.  There  is  a  mouth 
and  eccentric  anal  outlet  and  five  radiating  grooves*  along 
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each  side  of  wliit'h  are  nttaclietl  a  row  of  pinnules.  '. 
Bides  Pentremitm  are  the  typical  genera  Elmacrinus  « 
Elmtherocrinus. 

Order  3.   CystuUm, — This  group  is  likewise  extinct. 
t!iG  fossil  Pseuilocriims  there  is  a  short-jointed  stalk,  wl 
in  Carjfocystitea  (Fig.  G9)  there  is  nottalk  and  no  arms^  i 


Fig.  m.—Caryoryf^ 
Af  Tt-r  LQiken, 


k 


mmi 


th4?  ^hellof  AUrochlupcKl,— Aflef  Ll^Ucni 


After  LQUifU, 


body  V>eing  angnlo-spherical,  composed  of  solid  plates.  The 
Cystideans(Figs.  GO  to  71)  originated  in  the  Cambrian  for- 
mation, attained  their  nuixinium  development  in  a  number 
of  species  in  the  Silurian,  and  became  mostly  extinct  in  the 
Carboniferous  period. 


Class  L— CinNOlDEA. 

Spftefie^lor  cupsfm^i^d  Kchino^ermn,  mthout  a  madreponc  plate,  ujim- 
tf//y  nttachfd  fty  ajoinkd  »Um,  afettfrre  in  aduU  l^f,  mtkjitt  arwwi  »ub' 
diffidiftg  ittU^  innnuUr  *  the  atnhithicral  ffd  in  the  form  ^f  tcntitcUs 
arinlng  nwund  (lie  fnouth  in  the  furroirs  vf  th^  talf/x  or  $iiuat£d  on  th« 
Jointed  iuumt^  In  the  BhtHtmdfo  and  ctrtoin  (yMtid*'*rn9  the  iir?/w  nit  a^- 
mtfit,  htd  the  jn'nnula  are  n$uaUy  pveittnt,  though  ab}>cnt  in  Carifoey^tittM. 
Cirenfatoiy^  rt4ttrr'fkt*ctihr,  and  t^xual  ttri/arts  miteh  fts  in  &th0r  IStAinth 
dermn  ;  th*  digtAtivig  eanal  ending  in  a  diMtinet  e^*e^nt^'ie  aperturt^ 


OmrEltAL  STRUCTURE  OF  ST4R> FISHES.         lOil 

OnUr  1.  Bmckiata  (True  CrinoidB).— Calyx  with  luge  pinnulated 
'  arms,  without  dorsal  calical  pores,  mostly  stalked  (Encri- 
nus,  Pentacriiius,  Apiocrinus,  Rhizocrinua,  Holopus,  Ante- 
don,  Actlnometra,  Phanogenia). 

Orier  2.  Blattoidea. — ^Aimless,  but  with  ^^ii  series  of  pinnuUe,  and 
with  a  stalk  (Pentremltes.    No  living  representatives). 

Ord^r  3.  C^«fi((/ea.— UsuaUy  armed,  with  Jointed  pinnulse,  and  a  short 
stalk,  the  latter  sometimes  a1)sent.  as  in  Caryocystitcf;.  (AH 
fossil  forms,  as  Edriaster,  Caryocystites,  Sphtrronitcs,  etc.) 

Laboratorjf  BT^rA:.— The  living  Crinnids  are  great  rarities,  and  few 
studenta.  have  access  even  to  alcoholic  specimens.  Tlie  recent  re- 
Marches  on  their  internal  anatomy  have  been  made  in  large  part  by 
cutting  thin  sections  for  the  microscope,  and  staining  them  with  car- 
mine. cCc,  after  the  methods  of  the  histologist 


Class  II. — Asteroidea  (Star-fishes). 

General  Characters  of  Star-fishes.  —  Having  already 
studied  the  structure  of  the  common  star-fish,  wo  are  pre- 
pared to  understand  the  classification  of  the  class.  The 
?tar-fishes  have  star-shaped,  flattened  bodies,  with  round  or 
flattened  arms,  a  madreporic  plate,  and  two  or  four  rows  of 
ambulacral  feet. 

Order  1.  Ophiuridea  (Sand-Stars). — This  division  is 
characterized  by  the  body  forming  a  flattened  disk,  with 
cylindrical  arms,  the  stomach  not  extending  into  the  arms, 
and  there  is  no  intestine  or  anal  opening.  The  ambulacral 
farrow  is  covered  by  the  ventral  shields  of  the  tegument,  so 
that  the  ambulacral  feet  project  from  the  sides  of  the  arm. 
They  have  no  interambulacral  spaces  or  plates.  Tlie  am- 
bulacral feet  or  tentacles  do  not  have  u  sucker  at  the  end, 
but  are  provided  with  minute  tubercles.  They  move  faster 
than  the  true  star-fishes,  the  arms  being  more  slender  and 
flexible.  The  madreporic  body  is  one  of  the  lai-ge  circular 
plates  in  the  interambulacral  spaces  around  the  mouth. 
The  external  openings  for  the  exit  of  the  eggs  form  distinct 
fissures  or  slits,  one  on  each  side  of  each  arm.  The  ovaries 
are  situated  in  the  body,  not  extending  into  the  arms,  the 
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cggB  heiitg  expdied  into  tlie  penTidcefml  oivity,  and  ttieoet 
finding  Ibetr  vmj  oot  mto  the  mmktt  through  the  intemidkl 
alitft.*  The  Ophiiumns  mre  biaexnal^  but  one  species  being 
known  to  be  nniaenal,  fix.,  Oplki$t<qns  sqntim4ii4M^  ocooffd- 
mg  to  MetdchnikoC  WhBe  most  Ophinraim  pom  through^ 
a  metamorphoess,  the  jcningof  Opki>lipis  dJiaia  is  deTcloped 
within  the  bodj  of  the  pttrcnt,  a<)hering  by  a  sort  uf  etalV 
fSjrohn).  In  Ophi^pk^disieOiM  development  is  direct,  there 
being  no  metamorphosis. 

An  Ophinmn  which  has  aecidentallj  lost  its  arms  emn  re* 
produce  them  by  budding.  LQtken  baa  di^overed  that  in 
speeiea  of  Opkwikda  and  Opkiaeiis  the  bodydiv'idcs  in  two 
spontaneoQslTt  having  three  arma  on  one  side  and  lUree  o& 
the  other^  while  the  disk  looks  aa  if  it  had  been  cut  in  two 
by  a  knife  and  three  new  arms  had  then  grown  out  from 
the  cut  side,  Simroth  has  made  farther  exteuded  rcaearehet 
on  self- fission  in  Ophiaeiu*  ' 

The  Ophiurans  in  moat  cases  undergo  a  decided  meta- 
morphosis like  that  of  the  atar-fish,  which  will  be  described 
at  length  fiirther  on.  The  larra,  called  a  plutcuB,  is  freo- 
6 wi turning,  though  in  some  species  the  young,  in  a  modified 
larval  condition,  reside  in  a  pouch  situated  above  the  mouth 
of  the  parent,  finally  escaping  and  swimming  freely  about 
(A,  Agassis). 

In  Ophiocmna  vivipara  Ljuugman,  which  occurs  in  the 
South  Atlantic,  the  young  at  first  live  in  the  body  of  the 
jmient  and  afterward  cluster  on  the  surface  of  her  disL 
Tlie  eggs  are  hatched  successively,  the  young  being  found 
m  a  regularly  gnidated  series  of  stages  of  gi*owth  (Wyville- 
Thompson).  It  appears  probable,  as  in  the  case  of  the  sea-  ■ 
un^hinSt  that  the  Ophiurans  of  the  cooler  portions  of  the  " 
South  Atlantic,  in  most  cases  at  least,  have  no  metamor- 
})hosis.    Several  niitivo  forms  are  aleo  viviparous. 

Our  raost  common  saml-star  is  OphiopfwUs  beUWLjmfm 
(Fig.  72),  which  may  l»c  found  at  low-water  mark^  and  espe- 
cially among   the  roots  of   I^minaria  thrown  up  on  the 


i 


•  On  ila' other  hand.  Ludwig^  denies  Uial  the  egg«  pass  iuUj  Uie  peri-  ^ 
vljicrnileiivity,  tnit  iuhists  ttiat  tliey  collect  in  pouclieii  formed  by  i^u  in* 
trovcmiou  of  Ihc  intj'ijjumcnt, 
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bcaeli.  It  is  variable  in  color,  but  beautifully  spottod  witli 
pale  anil  brown,  its  general  hue  being  a  brick-red.  Am- 
phiura  sqnamaia  Sara  has  long  slender  arms  and  is 
white ;  it  lives  below  tide-marks.  The  basket-fish,  me- 
dusa's head,  or  Astropliyton 
Agassizii  Stm.,  is  of  large 
size,  the  disk  being  two  in- 
ches across,  and  the  arms 
subdividing  into  a  great 
number  of  tendril-like 
branches.  It  lives  from  ten 
to  one  hundred  fathoms  in 
the  Gulf  of  Maine. 

Ophiurans  are  widely  dis- 
tributed, and  live  at  depths 
between  low- water  mark  and 

two  thousand  fathoms.    FoS-      Fig.  7S.— O^^lopholis beUU,  common  Sand- 

sil  Ophiurans  do  not  occur 
in  formations  older  than  the  Upper  Silurian,  where  they  are 
rej»resented  by  the  genera  Protastery  PakBodiscus,  Acroura, 
and  Eucladia  ;  genuine  forms  closely  like  those  now  living 
appear  in  the  musehelkalk  beds  of  Europe  (Middle  Trias). 

Order  2.  Asieridea. — In  the  true  star-fishes  the  arms  are 
direct  prolongations  of  the  disk,  and  the   stomach  and 

(f  ^  A. 


We.  73.— Three  fornix  of  SUF-fI«h,  A,  B,  C,  Keen  from  al»ovo.  f^liowiiif'  ilie  (Uffon-nt 
devc'Toumtnit  of  tlK*  uinlmlncnil  and  iiKeramlmlucnil  un-a^.  Tlu;  uinbiiiiicm  an.-  iii<li- 
^Ufi  t>y  nm-rt  of  <loti< :  o,  mouth;  r,  umw ;  <r,  imomiiliul  or  iiitcrambtilacrul  an.*ui*. 
C  PterluUr;  B.  GoniodUcwt;  A,  Aattii^cuit.—AiWT  Gigt-nbuur. 

ovaries  or  spermaries  project  into  them,  and  there  is  a  deep 
ambulacral  furrow,  while  the  interambulacral  spaces  vary 
much  in  development  (Fig.  73) ;  the  feet  are  provided  with 


Tbe  bodM  of  rttf^-ari»  w  wM  m  fln-«refalM  (Behini) 
ttral  wiUi  ptJuwOmim^  whieh  id  tk  foratr  ar»  stiu 
I  snmd  tbe  bait  of  Ibe  ^oti  <m  lli#  upper  side  of  tfaa 
body.  Tbrf  «re  fMoesarJike,  ctmsaitiiig  of  hot  tm^  pfoogi* 
In  Ih^  ie»-arcbijii  they  «re  thitae-proiiged*  ftod  soatlmd  ir<<> 
Itjlarly  ofctr  tlw  rarfux  of  the  IknIt.     Their  tue  iidol 

TJ.  r^iiMnt  c*f  tli'tii  gpeHes  (atid  iU  ally  ar  Tmriely, 

Uj^.ki.^^t  Hii  been  studied  liy  A.  Aganis.     After 
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fug  throagh  the  momla  and  ga^trula  stages,  the  cephalula 
or  larval  stage  is  reiR^hed,  the  mouth,  digestive  sac  and  its 
poeterior  opening  being  formed,  a  cephalic  end  being  dis- 
tinguished from  a  posterior  end.  The  larva  is  now  bilatcT- 
ally  ejmmetrical.  At  this  time  two  lobea  arise  from  each 
side  of  the  month.  The^e  separate  from  their  attachment 
and  form  two  distinct  hollow  cavities,  and  by  the  time  the 
larva  attains  the  Brachiohyia  sta^  the  development  af  th«» 


Wig.  7i^—Siphuutria  with  the  PUr- 
lA  taldhig  from  U.  e.  e'.  d\  g,  g\ 
prorabfYancet  of  tbo  body  eompuvole 
irith  the  "amw*'  of  tbe  BrachioliifiiL 
Hgnml  in  tbe  adloliiitig  cngniijijf. 
ft.  mouth;  o.  wntof  tlieUnrA;  A.  geim 
«#  tho  Blnr-fUb;  A.  cillAtea)  digeSttte 
inirt;  I,  smbalacrai  roMtte  (smn  of 
xhf  wmctTr-veiveltj.—Arier  Mailer,  froni 
G<g«nbaar. 


Fig,  76.--Bnirhin]trfj| 
of  AUeriott  vtUgmi*,  en- 
lAi|I«d.  with  the  itar-flsh 
(i^  developfnt;  «t  the 
■boni  end.  €,  mcdUu 
anal  onn;  «*.  odd  terniU 
ny  oral  ann;  /,  I'^'iuihlO' 
lar  atTOj.  /».  bratich  of 
wnter-TTibo  {wuf^\  U^adlngr 
Itito/"  (jcid  bra<^hU>Ur 
iirm;  /"^,  wirfactr  wiirto 
at  biuM'fjf  odd  liiMchloLAr 
arm/",— AftiT  A,  Agaa* 


body  of  the  star-fish  begins,  for  these  two  cavities  sabse- 
quently  develop  into  two  water-tubes.  On  one  of  these  cav- 
ities the  back  of  the  star-fiah  is  afterward  developcnl,  while 
on  the  other  the  under  side  with  the  feet  or  tentacles  arise. 
The  fnlly- grown  larva  is  called  a  hrackiolaria,  m  it  was 
originally  described  with  this  name  under  the  impression 
thai  it  was  an  adult  animal,  as  was  the  case  with  the  plu- 
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pentagonal »  with  6ve  short  arms.  The  fine  large  Salaster 
rndeea  Hetziiia  has  eleven  smooth  arms  ;  it  lives  in  deep 
water.  CrmMtsier  pappomis  ( Mailer  and  Trosehel)  is  com- 
mon on  a  rocky  bottom,  in  from  twenty  to  eighty  fathoms, 
from  the  Golf  of  Maine  northward  ;  It  is  bright  red,  and  has 
thirteen  to  fonrteen  spinulated  arms.  Cribella  san^/uin- 
oknia  Lutken  is  a  commun  species  on  the  coast  of  New 


flfi.  7:.^Aftkmiir  8cri//V>r,  nittler  tldv  ;  nntiml  vUe.— Aft«r  WjrviIIo-T1imDp«oii. 

England  below  low^water  mark,  and  is  in  some  respects  like 
Crossasier, 

More  closely  allied  to  Asterias  is  the  Pacific  Coast  Pycno- 
podia  keUanlhoides  Stimi>8on,  which  ranges  from  Sitka  to 
Mendocino,  Cal.  It  is  very  common  in  Piigct  Sound,  under 
whanres.  Agtei*ias  vulgaru  Stimpsou  represents,  on  the 
northeafitern  coast,  the  A,  ruhens  of  Euroi>e.  Aaierias 
polari.9  (M,  and  T.)  hiis  six  arms,  and  is  over  twelve  inchos 
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ia  diameter  ;  it  is  very  common    from  Labrador  norfcb? 

ward. 

Fossil  star- fishes  allied  in  most  respei'tjj  to  Asieritu  occur 
in  the  Lower  Silurian  rocki?,  showing  the  remarkable  persia 
ence  of  thia  type  of  the  order.     Characteristic  Lower  SiW 
rian  forms  are  Palmasler  and  Archasterias.     In  the  Upp 
Silurian  appeared  Falasterina,  a  genus  allied  to  the  liviil 
Asirogonmm,  etc. 


CLA.B8  U.— ASTEROIDEA. 

EthinodermM  wUk  a  ntar4ikeoj'  ptntaffomil  btxf^,  with  ttao  orjaur  i 
of  atnbuta^ral  fid  or  kntacies  on  the  oral  tide.  Body  eaecmi  wiih 
^H  $pine$,  oJU/i  arnmged  in  grouptt.  The  ticrwuM  ^ifatei 
with  fierw9  extending  into  t/ie  antti;  tha  water*9a«ular  attd  hmmal  4 
ako  radutUng  into  the  ai-n^,  Mont qf  the  ttpeeiee  biM^rual ;  thsffoung  njnmUg 
pamng  through  a  wrfa  oiorpftonit^  the  Mar-fi»h  budding  out  from  the.  trater^ 
wt»eular  tffdem  of  the  pluh'Uf,,  bipinnaria  or  brachioUiria  fonth^  mhit^  pre* 
wSmudy  paeme  tfirough  a  morula,  gatinda,  and  eephalula  itage. 

Ordttr  L  Ophiuridtn, — Arms  round,  starting;  suddetily  from  a  round, 
disk-like  I mhH'.  AmbulatTHl  furrow  covered  by  a  series  of 
ventral  plates,  m  that  tlie  tcnlaclea  or  atTibuljwnil  feet  are 
thrust  out  latendly.  The  ovaries  and  stomach  not  oxtei 
mg  into  ilw  ttrms;  no  ftmU-opfniDg,  no  pedicclla 
(Opliiuni*  Opbioglyplin,  Ophiolepis.  Amphiura,  Opliii 
c  0  ma,  A  st  ropli^  t  on ). 

Order  2,  ,4*/rrwfcyi.— Body  star  Iik<\  tb<?  arms  being  gradual  extensiona 
of  the  disk,  and  contaming  the  reprotiactive  ^laud^,  di- 
gestive ccBca,  as  well  as  the  radial  nerves  and  radial  ha?nial 
and  wat€r-vjiscular  canals.  A  deep  ambulacml  furrow, 
containing  two  or  fotir  rows  of  atnbulftcral  feet  or  tenia- 
cles,  those  at  the  extremity  of  the  arms  without  suckcn 
(Brisinga.  Ctenodiscus,  Luidia,  Astropi-cton,  Orejiater, 
trogonium,  Pteraster,  SolasltT^  Croajsastcr,  Cribrella,  P; 
nopodiii,  Asteriafi). 


are 


:cni|j 


mt/ira  TT'irA:.— The  larger  Ftar  fl^hcs  arc  easily  diaaerlcfl ;  the 
!  relations  of   the    integument   may  he  perceived  by  nuiki] 
tran»von«j  and  lonijitudiMul  sections,  while  the  viscera  may  l>e  sludi 
by  gplitting  the  iKxly  and  arms  in  two  vertically.     The  smaller  Uphii 
can   be   hardeneil    in  alcohol,   and    staiuetl   8e<!tion*j    made   for 
'ng  the  intricate  relations  of   the  water -vascular,  bcmal,  aiid 
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CLiiSS  III,— EcoiKolDEA  {Sm-urcMm)^ 
General   Chara<!ters  of  Sea-Urchins. — A  good  idea  of 

the  general   structare  of   the  members  of   this  cla«8   may 

I  hi  obtiuDed   by  an   examination   of   the  common   sea-ur- 

chin^  Echinus  (Fig.  78)^  of  the  eastern  coast  of  the  United 


d.  frami*-y^ork  of  motith  and  U'eth  **xu  ia  front;  r.  the  «iiiiic  f«cii  pick*wayt;  ti.  d,  »iilo 
mdiextmifti  view  of  n  plngLp  looih  (pjmnikt);  all  uatiiral  «ize.— After  Mone. 

States,  Northern  Europe,  and  the  Arctic  Seajs.  It  is  com- 
mon among  rocks,  ranging  from  low-water  mark  to  fifty  or 
more  fathoms.  It  eats  sea- weeds,  and  is  alao  a  scavenger, 
feeding  on  dead  fish,  etc.  We  have  observed  great  num- 
bers of  them  assembled  in  large  groups,  feeding  on  ligh  ollal, 
a  few  fatiiom8  below  the  sur- 


"^^ « 


face,  in  a  harbor  on  tlic  coast 
of  Labra<Ior,  where  fishirig- 
ils  were  anchored. 
On  plac*ing  an  Echinns  in 
sea-water  the  movements  of 
e  animal,  especially  its 
lodo  of  drawing  itself  along 
by  ita  numerous  long  tenta- 
cles or  ambulacral  feet,  and 
bow  it  covers  it^If  by  draw- 
ing together  bits  of  sea- 
weed and  gravel,  may  bo 
obeorred* 
A  habit  less  easily  detected  is  that  of  some  sea-iirchins 
rrowing  in  limestone  rocks  and  coral  reefs  until  tlie  ani- 
1  sinks  quite  far  down.  How  the  rock  becomes  thus 
away,  unless  eimply  by  the  rot^iry  movcnienta  of  the 
is  not  clearly  und3rstood. 


:?i^ 


meat  of  tJio  muM^ltK 


of  ihe  Be*- 
>nijjUi'iiti'd  Jirrangis- 
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In  ord^  to  axmauiM  Ibe  external  imatomy^  the  sbeU 
&bould  be  de|iriTed  of  its  spittcs  in  part>  meanwhile  obserr* 
tog  the  laodeof  attadilueiit  of  the  spines,  of  which  micra- 

se«>i>ie    sections 
i^^^.o^'Trr^.^  should    be     made. 

The  solid  mouth- 
parts,  the  QTitl 
membrane  sur- 
rounding the  five 
sharp  conical  teeth 
or  '*  pyromidii," 
and  their  mode  of 
attiichnient  to  the 
**  auricles  ^*  in  the 


«i„  v«iit.~Ancr 


ahoU,  ^onld  be  thoroughly  investigiitodi  as  well  as  their  re- 
lations to  tlie  mouth-oj*cuing  and  the  digest i%'e  canal.  The 
fihell  eou^isU  of  five  double  rows  of  ambulacral  pkt6% 
l»erf orated  far  the  oicitof  the 
feet,  and  a  scries  of  five  dou- 
ble rows  of  inlenimbulacral 
plates  to  which  tlie  spines 
are  atUiehcnl,  and  of  such 
form  and  arrangement  as  to 
give  the  gnuitcst  possible 
strength  ojid  lightness  to  the 
shell  (Figs.  80,  81,  82)*  The 
outlet  of  the  alimeutiiry  canal 
is  situated  on  the  aljond 
(abac'tinal)  or  upper  end  of 
the  shell,  while  the  mmlre- 
poric  plate  is  eitiu^tod  upon 
the  top  or  end  of  the  shell 
(as  the  animal  moves  mouth 
downw^arcl),  being  anio<lificu- 
tion  of  one  of  the  genital 
plates  (Fig.  81,  m).  There  are 
five  large  plates,  one  at  each  end  of  the  interamhnlacnil 
««ncs  niccting  on  the  abural  qxmX  of  the  hiwly  ;  in  them  art^ 


Afmmt  ciid  f»f  the  »llcM  of  All 

tilnU-*,    ti,  ami  h  ,  .i>. 

nvtvA  fm"*!;  Q,  p  4- 

formi  "ix: 

mil  a 


fori  in 

M'llleh  till'  HICk«'l>  pli«tliu|r 


AfJn  Uv^iU' 


the  ovarian  openings  throiiglj  wbiivfi  Mie  eggs  eseaiK  ;  these 
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^n  phkteB  are  called  the  genital  plates,  while  in  each  of  the 
i?e  amkller  plat4?6  at  the  end  of  each  ambalacmJ  soriea  is  an 
^  eje-epeck     The  pedieel- 

laria?  iire  three-pronged^ 

knob-like  spines,  scat- 
tei-ed  over  the  body,  es* 
pecially  near  the  mouth. 
They  partly  serve  to  re- 
move the  ftfeiil  matter, 
hut  their  main  function 
is  not  known. 

lieeides  the  petlieol. 
IarifP>  Lovin  htm  diseov- 
ered  on  most  living 
Echini,  witli  the  excep- 
tion of  Cidaris,  gmiill 
button-like  hodiea  called 
sphmriduf,  situated  on  a 
short  «talk,  moving  on  a 
' '  j^htly  marked  tubercle, 

*^*  .  i(-*y  ai'e  supposed  to  be 

sensorial,   probably  organs  of  tu^te. 
The  internal  anatomy  of  the  sea-urchin  may  be  best  studied 


I  inrt-viurk  u£  £U;ii^kL  todz. 


Pte»  Ml-~8lie]l  of  A  S<ia-ttrchi«  (StmngytoCfnirofffit  Hridvi).  a,  iinan;  oe^  ofHopJiagtii; 
k  meMimi  «,  one  of  ihv  godn  of  trie  toom-ttppaniUi.;  in,  luiMckw  of  the  jaw*;  p,  VV' 
nl*<f  Uw  picking  feet;  jm>^  cxcivmily  of  the  wntcr^voNcl;  ea,  ocular  pLiit«;  n,  ovury* 

hy  cutting  the  shell  int^  two  hulvest  onil  and  aljoruL  Rcmo^ 
ingthe  ai>oral  end,  the  digestive  canal  may  be  kscen  in  pliJ 


^ 
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It  consists  of  a  narrow  ceaophagus  (Fig.  83,  m\  mom  or 
less  pentagonal  ne^ir  the  mouth,  dilating  int4>  the  stomach ; 
and  of  a  terminal  intestine.  The  long  stomach  passes  from 
left  to  right  around  the  interior  of  the  body«  then  tutus  up 
toward  the  aboral  end,  and  curves  back  in  the  opposite 
course,  again  pasaing  around  the  body  from  right  to  left^ 
forming  two  series  of  loops  partly  enclosing  the  ovaries  ;  it 
is  held  in  place  by  abroad,  thin  membrane  or  '*  mesentery/*  fl 
The  reproductive  and  other  organs  are  much  as  described  " 
in  the  star-tish,  there  being  five  ovaries  or  spermtiries,  the 
sexes  being  distinct.  The  nervous  ring  around  the  mouth 
sends  o(f  five  nerves  &long  the  ambulacra,  which  are  accom*  ^ 
panied  by  a  water-vascular  canal  sending  branches  to  the  ■ 
tentacles,  and  a  pscudo-hiemal  caniiL  there  being  nn  oral  and 
aboral  (anal)  hnemal  ring  i  their  presence  is  denied  by  Hoff- 
mann), as  well  as  an  oral  wat-er- vase  alar  ring*  with  five  Polian 
vesicles  (present  only  in  tlie  true  Echini  and  Clypcastroids), 
a  stone-canal  and  a  f  nsiform  tube  or  **  heart  "*  next  to  it, 
while  the  alimentary  canal  is  accompanied  by  two  hjemal 
vessels,  one  on  the  ^*  dorsal  *'  and  the  other  on  tlie  free  or 
Tentral  Kide,  commnnicating  with  a  lacunar  network  in  its 
walls. 

In  Echinus  it  is  difficult  to  perceive  any  bilateral  sym- 
metry, the  parts  radiating,  as  in  the  star-fish,  from  the  cen- 
tre ;  but  in  the  Spaianf/us  and  allied  forms  it  is  easy  to  di- 
vide the  animal  into  a  right  and  left  side,  and  the  body  is 
more  or  less  elongated,  as  m  PonrtaUsia  (Fig.  87),  the  mouth 
being  situated  at  one  end  and  the  anus  at  the  other. 

The  mode  of  development  of  the  common  sea-urchrn 
(Fig.  78)  has  l>eon  discovered  by  Mr.  A.  Agassiz,  The  earli* 
est  stages  are  much  as  described  in  the  star-fish.  The  form 
of  the  pluteus  larva  is  quite  remarkable,  there  being  eight 
very  long  slender  arms  supported  by  slender  calcareous  rods 
projecting  from  the  body,  and,  during  the  movements  of 
the  animal,  opening  and  shutting  like  the  rods  of  an  um- 
brella.    The  body  is  provided  with  a  sinuous  row  of  vibra- 

♦  It  should  ]*e  observed  that  the  latest  and  bead  observers  are  at  virf- 
^gttrdlDg  the  structure  and  fimctioo  of  the  so-called  Kc^aodenn 
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tile  ciliik  When  tho  lorra  is  twenty-three  days  old  the  ru- 
dimeiits  of  the  five  tentaclca  of  the  sea-urchin  appear.  By 
this  time  the  phi  tens- form  \s  acquired,  and  also  at  this  pe- 
riod the  Sea-urchin  growing  upon  the  decidno^is  phiteus 
Bcaffoldmg  has  concealed  tho  shape  of  tho  digestive  cavity 
of  the  larva,  and  the  spines  are  so  large  a5  to  conceal  tho 
tentacles.  The  body  of  the  platens  is  gradually  absorbed 
by  the  growing  8e4^archin  :  the  gpines  and  suckers  of  the 
latter  incrojisLng  in  «ize  and  nnmber  with  age,  until  by  the 
time  tlio  larval  body  has  disappeared  the  young  Echinus  is 
xnore  like  the  adult  than  the  st4!ir-lish  at  the  aame  period  in 


Flc.  9^L—B0mii9rltr  FhUippiL  yfUh  tht;  yoang  la  two  of  the  roarmpiA— From 
Wjvule^Tbom|iei<»D''»  Voyiigv  of  ihe  Ctuilk'nger. 

life.  Gmbe  has  fouiul  that  Anachanus  simjul^,  supposed 
to  have  come  from  tlie  Chinese  or  East  Indian  geas.  has 
no  metamorphosis  ;  while  Hemiiuier  raverno.fus  of  Chili 
wae  found  by  Philippi  to  carry  its  young  in  marsupia  and  to 
develop  directly. 

Several  species  of  sea-urchins  in  the  cooler  portions  of 
the  South  Atlantic,  especially  at  the  Falkland  Islands  and 
Kerguelen  laland,  also  develop  directly  in  marsupia  or  bn>od - 
hollowB,  without  passing  through  a  metamorphosis.  In  Ffemi- 
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m$ifrPkii$fpii<imfi¥ig».MiadWf,  from  Hte  latter  tslancK 
certduu  of  %lm  mmbmkmvd  phlet  mto  greatly  cx{iandcd  and 
'  so  as  10  fofai  f ottr  deept  tliiu-viilltHl  oral  ciqis, 
mlo  aad  encmariiiiig  ii|Mm  Uie  cantv  of  tiie  t4?st| 
formiiig  Tcty  ellicmit  proUiciiTt}    marsupia.^^      The 
we  00  amngid  llmt  a  kind  of  eorerod  pmmgo  leads 
ffon  the  ofuriii  openiag  into  tbe  nttranpimii^  and  along 
litis  pasigo  ^  €gg^  wluiji  are  Ttrj  lai^go  (a  millimetre  in 
diaoi6l«r)  are  passed  and  anrnagsd  IJS  fowa,  each  egg  being 
kepi  ia  place  bv  two  or  threo  apines  beoding  over  it.     Here 
k|ka  tgp  dereiopv  ^ud  the  embtyoe,  after  the  calcaieoiia 


fig.  ML-MAmipiamor  ifmUmr  jaCMMl 
From  Wyiltlc  Tboui|i«ou^  Vi>jr«ips  at  Ihr  CL^ 

plates  once  begin  to  develop,  rapiu. .  „  oumc  the  psirent  form  ; 
when  they  leave  the  miirsupinm  they  are  alKiut  two  and  a 
half  millimetres  long.  In  Citlaris  nutrtjc  W  yville-Thompson 
thu  egg«  are  protected  in  a  sort  of  tent  by  certain  sfiines 
near  the  mouth.  Here  the  young  develo]i  without  a  meta- 
morphosis. The  allies  of  tliese  forms  in  the  Northern  At- 
lantic ai*o  either  known  or  supposed  to  lie  metabolous ;  and 
&r  Wyvillo-Thumpison  states  that  no  fj-eeswinnriing  Eehi- 
*^m  hitvin*  (plutcus,  etc.)  were  seen  hv  the  riuilloiiger 
'oajij  th(*  S^uithern  Ocean. 
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Taking  a  rapid  survey  of  the  principal  forms  of  sea- 
nrchins,  we  may  divide  the  class  of  EchUioidea  into  two  or- 
ders :  the  Palechiniday  or  older  sea-urchins,  in  which  the 
shell  is  composed  of  more  thau  twenty  rows  of  plates ;  and 
the  Autecliinida  with  twenty  rows  of  plates.* 

Order  1.  Palechinida. — Comprises  first  the  suborder  Me- 
ioniiida,  in  which  there  are  more  thau  ten  rows  of  ambula- 
cral  plates,  represented  by  MelonUes  of  the  coal  formation, 
aud  FroUchinus,  PalwchinuSy  ArchmocidariSy  etc.  In  the 
second  sxxhoxdQT  EocUlarUiy  there  are  ten  rows  of  ambulacral 
plates.  A  type  of  the  group,  Eocidaria  Kaiserlingiiy  appears 
iu  the  Permian  formatiou. 

Order  2.  Autechinida. — 
To  this  division  belong  sea- 
urchins  with  twenty  rows  of 
plates.  The  first  suborder  is 
the  DesmoslicJia,  comprising 
those  sea-urchins  with  band- 
like ambnlacra  extending 
from  the  mouth  to  the  oppo- 
site  extremity,  and  of  more 
or  less  regular,  flattened, 
spherical  form.  Such  are 
Cidarisy  EchinuSy  Echinom- 
elra^  Chjpeastery  and  Echi- 
unrc^Iniius.  Tlie  Echinus 
escuhntns  Linn.,  of  the  Mediterranean  Sea,  is  as  large  as 
an  infant's  head,  and  is  used  as  an  article  of  food. 

In  Clypcafiter  the  body  is  large  and  the  shell  very  solid. 
C,  guhdepresstis  Agassiz  is  common  on  the  Floridan  coast. 
An  orbicular  flattened  type  are  the  sand-cakes,  of  which  the 
Echinarachnius  panna  Gray  (Fig.  86)  is  abundant  in  the 
shallower  portions  of  the  North  Atlantic,  from  low-water 
mark  to  forty  fathoms.  It  is  replaced  southward  from 
Nantucket  to  Brazil  by  Mellita  iestudinata  Klein. 

The  last  suborder,  Petalosticha,  is  characterized  by  the 


Ffjr.  &i.^Eohlnttrachniu/t  panna,  com- 
mon Suiid-caki:.    Ndturdl  eizc.  —After  A. 


*Thc?o  arc  frrins  proi)osod  hy  IIae(^kel,  who  regards  tlicse  divisions 
as  suIk-Iusscs,  but  wo  tliiuk  llicy  should  more  proi>crIy  Ik;  called  orders. 
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wbA  the  irregularly  lieart-«faaped^  often 

[>lriwgtle«l,  fdcm  <kf  tlie  ahelU  an  anterior  and  po>6t^rior  end 

;  w^l  4iiiiL     Tbej-  for  the  most  part  Htc  buried  in 

'  Biiid^  not  moving  ahont  so  activelj  as  the 


Of  lilt  finnilT  ^jnnftwyirfiy  the  singular  genus  Pouria- 
•Ml  (PV*  ^'^  ^'  J^§Ttgmi  Wyville-Thompson)  deserves 
Qftioii  Um  ipiciei  of  wludi»^  I-shaped.  with  a  thiu, 

kttU.     Tii«  tnm^i  m  such  a  form  as  this 

I  to  tlie  Holothuriana  ii  not  a  Tcry  extreme  one.  This 
^(ettus.  A*  Ag»attsatetab  k  the  living  representative  of  hi- 
of  the  Oreteeeona  period,  P.  miranda  A.  AgMsiz 
\'wm  dredged  in  the  Florida  htfaits,  in  about  three  hundred 
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and  fifty  fathonvs,  and  by  British  naturalists  in  the  Shet- 
land Channel.  P,  Jeffrr^^H  was  dredged  in  six  hundred 
and  forty  fatlioms,  near  the  Shetland  Islands. 

ASpatamfuif  is  distinctly  heart-ghii|>ed,  m  is  HtmiaMer^ 
An  interesting  dt^ep-sea  or  uhyssal  form  not  uncoinmon  in 
deep  soft  mud^  at  the  depth  of  one  hundred  fathoms,  oft  Uie 
coast  of  Maine  and  MasaachusettSr  and  extending  from  Flor- 
ida around  to  Norway,  is  Schiumtm' fraffUis  Agitssix. 

Eehinoderms  range  tr>  a  great  depth  in  the  ocean,  and  are 
largely  characteristic  of  the  abyssal  fauna  of  the  globe.  In 
ifiaoe  they  are  widely  distribute,  there  being  but  two 
Efhinid  fauna»  on  the  eii^tern  coast  of  the  United  States, 
.one  arctic,  the  other  tropical.  While  a  large  numlier  of 
««»  characrteriso  the  arctic  or  cireum polar  regione,  the 
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larger  proportion  of  gpecics  are  trapical  and  subtropical- 
Mr,  A.  Agaesiz  divides  the  Echiiiid  fauna  of  the  world  into 
four  realms  :  the  American,  Atlantic,  Indo-Pacific,  and 
AnstruHan. 

Though  CrinoidB  were  the  predominant  type  of  Echino- 
derma  in  the  paleozoic  rocks,  a  few  gtoir-fish  and  Ophiurana 
appeared  in  the  Upper  Silurian  jx^riod,  and  with  them  were 
associated  one  species  of  eea-urchin,  Palcpchhius^  though 
the  genus  waa  more  numerously  !*ep resented  in  the  Coal 
period*  Some  Palseozoic  forms  resembled  the  living  gen- 
era Calveria  and  Fhorniomma^  and  belong  to  the  extinct 
Carboniferous  genera  Lepnlechinus  and  Lejndesthes  ;  in  all 
these  forms,  fo&eil  and  recent,  the  interambulM-nd  plates 
overlapped  one  another  so  as  to  give  a  certain  amount  of 
flexibility  to  the  shell*  This  feature  existed  in  a  less  de- 
gree in  Arch(BocidarU*  The  characteristic  American  car- 
boniferous go n era  are  Melon ite^i,  OUgoporus^  and  LepUlecki- 
nus.  The  Permian  Eocidaris  is  nearly  allied  to  Archmoci- 
darUf  so  that  it  is  a  true  palseosoic  type  (Nicholson). 

In  the  Mesozoic  epoch  (Triajs,  Lias,  and  Jura)  appeared  a 
more  modem  assemblage  of  Spaiangidmy  and  genera  such  as 
Hmnicidaris  and  Hypodmdema^  closely  allied  to  t!io  C'ida- 
ridm  proper,  appeared  in  the  Trias.  I'ha  Jurassic  beds  are 
characterised  by  genera  allied  to  Diademay  Echinus^  Ci- 
dariSf  and  a  number  of  species  of  the  families  OassiduUdm 
and  Galeritidw.  A  large  number  of  genera  survived  in  the 
Cretaceous  period^  which,  however,  is  characterized  by  the 
marked  development  of  the  Spatangida;.  In  the  Upper 
Cretaceous  the  earliest  Chjpeastridm  appeared,  while  the 
Tertiary  Echinid  fauna  is  quite  similar  to  the  present  one. 
The  striking  fact  in  the  geological  history  of  the  class  is 
the  persistence  of  many  of  the  cretaceous  genera  in  the 
abysBal  or  deep-sea  fauna  of  the  present  time  (A.  Agassiz). 
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l^pheritMt  htoH-i^pedt  or  ditk-likc  ErMiwdermt,  with  a  tolid  9kcU 
mf)wiMe  plities,  bearing  inter amtmlae rat  epine^;  tcith  a  ffwaiK  and  atuH 
opening,  tlt£  mmith  in  most  of  the  trincic*  unned  with  fit€  teeth/  aM> 
btttaeratfeet  trelt  (frtirloi)ed.  The  »ejK9  di»(inet,  Ikvehpment  eitker  dinet^ 
or,  as  in  mmt  eases,  h^  a  marked  metamorphosis  from  a  ptutm*  lafma^ 

Order  L  /Vi^c/««iAi.— Shell  composed  of  more  than  twenty  rows  of 
pliiiea.  Sul*oitlcr  L  Mdomtida  (MeloDites,  Protechmus, 
Pata*chiaiis,  Archi^ocidaris).  Suborder  2.  EueMtaria  (£oci« 
djiris). 

Order  2.  AntefhimdfK—?>h(^\  compo^tid  of  twenty  row%  of  pUtet. 
Buliorder  1.  iJesmoMfiela  (Cidiyis,  Echinu*;,  Strongylocen- 
irotiis,  Ec'liinrmiolru.  (lypeastcr,  and  Kehinanichnitii^^ 
BuI>order  2.  I\hdmtieha  (Echitiohrisaus,  Anocliaiitis,  Pour- 
Ittlcsia,  8patangiis,  and  Schizauter), 

Labtfnttorff  Work.—Wc  have  ulrmdy  given  some  hints  as  to  tltt 
mode  of  diKSKH:tiDg  sea  urchins,  which  should  be  done  undi*r  water  in 
deep  panii.  Great  care  must  be  taken  in  removini?  the  digestive  canal, 
which  is  very  delicate  m  »ls4'lf,  and  usually  filled  with  wind.  In  study- 
ing tlie  water- vaflcnhir  and  hloo<1-vesjsd«.  careful,  skilful  injectlonH  witli 
carmine  are  indispensable.  The  spines  may  be  stttdled  by  making  thia 
longitudinal  and  imns verse  seetinns.  The  test,  or  shell,  should  b<*  de- 
nuded  of  the  splnen  in  mdvr  in  *?iudy  tlio  relations  uf  the  ambuiacnl, 
interambulacrol,  and  genilal  plate's. 


Class  IV, — ^HoLOTnL  uaiiiKA  ^>m-ciic?Mw^fr*). 

General  CharfK^tera  of  HolothurianA.^Wo  now  come  to 

Echin*Klerni8  iu  wljit'h  ilic  hotly  i.^  usuftlly  long,  cylin^ 
drJcal,  witli  a  tcndc^ncy  to  become  woroi-liko,  iind  ill  oef^ 
tain  genera,  as  Stjunpia,  Chiroffofat  and  Ertpifrgus^  it  is 
difticult  Imtli  in  tl^eir  hirviil  stnges  (S^ftaptu)  iinil  in  the 
exteriuil  iind  ititernal  anatomy  of  the  adnlts  to  separate 
them  from  worms  like  Sipuncnltts ;  authors  havo  therefore 
been  led  to  the  adoption  of  one  of  two  Tiewa  ;  first,  either 
that  the  worms  and  Ktdiinnderius  liavn  lia<l  a  common  origin^ 
and  the  latter ,»  thoujj^h  truly  radiate^  have  no  near  atfiniticMi 
lfln)ugh  strong  analogies)  witli  the  Ctulontenites,  or  tho  ro- 
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eemblanco  between  tlio  two  branches  (Echinoderms  and 
worms)  is  one  simply  of  analogy,  and  involves  no  blood-rela- 
liouship.  On  the  other  hand  the  radiated  arrangement  of 
parts  and  the  development  nri<l  relulions  of  tlie  water-vas- 
cukr  system  ally  them,  through  the  Ctcnophorea,  with  tha 
Aciinoioa  VLnd  Ht/droida,  mid  it  seems  more  natnrul  to  re- 
gard the  Eehinoderms  its  forming  a  branch  of  animals  in- 
toriiiediate  between  the  Ilydroida  and  the  worniM.  there 
lacing  certain  low  wormi?  with  a  water- vascular  system* 

But  the  student  will  bu  better 
able  to  appreciate  these  general 
rj  neat  ions  after  a  more  or  luss 
thorough  acquaintance  with  the 
forms  find  structure  of  the  pres- 
ent group.  For  this  purpose  he 
should  first  examine  living  eea* 
cucumbers,  and  then  CHrefully 
ilisseet  them.  A  detailed  study 
of  the  anatomy  of  a  Peniucta  or  a 
JMoiJmria,  ono  a  northern  tlie 
other  a  gnlitropicul  and  tropical 
form^  aod  of  ti  Stjtiapla^  found 
everywhere  along  our  coast  in  sand 
below  tide-marks,  will  give  the 
groundwork  ;  and  this  knowledge, 
autoptically  acquired,  can  then  be 
corrected  and  extended  by  reading 
monographs  or  compiled  state- 
ments to  be  found  in  the  more 
anthoritaiivo  general  works  on 
comparative  anatomy, 

LiviniT  Ilolotburians  c«in  be  pro- 
cured with  the  dredge  or  dug  out  of  the  sand  between  tide- 
markji.  They  should  bo  kept  in  arpiaria,  and  their  move- 
menbi  watclied  as  well  as  their  mode  of  locomotion,  and  the 
action  of  their  branch  tie  or  external  gills  -  tentaclesV 

The  common  8ca-cucundxM%  north  of  Cape  Cod,  and  ex* 
tending  through  tlie  Arctic  regions  around  toTireat  Hrliaiu, 
i.><   Prifhtrta  frondoMi  Jaeger  ( l'*ig.  >*H).     1 1,  livcj*  fi'nm  ex* 
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trerae  low-water  mark  ttt  a  defHh  of  fifty  fathonii.  It  is  of 
1  ton-brown  color»  from  six  inches  to  nearly  a  foot  in 
length,  and  in  iU  form  and  the  eormgations  of  its  tough, 
leathery  skin  resembles  a  cQCumber  in  nearly  all  respects 
except  color.  There  are  five  series  of  ambulacral  feet,  each 
series  consisting  of  two  irregular  rowa,  Aronnd  the  mouth 
]8  a  circle  of  ten  much-branched  tentaelea  or  gills  (homolo- 
gous with  the  ambulacral  feet). 

On  laying  the  body  open  by  making  a  cut  extending  from 
the  mouth  to  the  vent,  tlie  thick  muscular  walls  of  the  body 
may  be  observed,  and  the  general  relations  of  the  viscera  to 
the  body- walls,  which  have  nothing  of  the  radiate  arrange- 
ment of  parts,  80  clearly  marked  in  the  other  Echinoderms, 
the  ambulacra,  tentacles,  and  longitudinal  muscles  alone  be- 
ing arranged  in  a  radiate  manner.*  Unlike  other  Eehino- 
derms,  the  madreporic  body  is  internal,  and  there  is  a  ca- 
pacious cloaca  or  rectum,  and  a  large  vent. 

On  the  inside  of  the  l>ody-walU  are  nnmerous  small  cir- 
cular transverse)  muscles  forming  slight  ridges,  which  serve 
to  contract  the  body,  and  five  double  large  longitudinal 
muscles  (Fig.  89,  /)  lying  in  the  ambulacml  zones.  The 
mouth  is  surrounded  by  a  muscular  ring,  from  which  aiise 
ten  large,  much-branched  tentacles.  The  pharynx,  or  the 
portion  corresponding  to  "  Aristotle's  lantern,"  of  the  sea- 
urchin  is  broad  and  short,  with  five  large  retractor  muscles 
(r)  originating  from  tlic  ambulacral  or  longitudinal  muscles 
ou  the  anterior  third  of  tlio  body.  T!ie  stomach  is  short, 
not  much  wider  than  tlio  intestines,  with  well-marked  trans- 
verse folds  within.  The  intestine  (#)  is  several  times  longer 
than  the  body,  with  longitudinal  small  folds,  and  held  in 
place  by  a  large,  broad  mesentery  which  accompanies  the  in- 
testine through  the  greater  part  of  its  length.  The  intes* 
tine  termmates  suddenly,  in  a  large  cloaca  (c),  irom  which 
* 

•  In  Eupyrguik  and  Eehinatiteunm  it  is  difficult  to  perceive  any  mdiju 
tion  in  tlie  body  ejcct^pt  in  the  unbroken  circle  of  tentacle*,  wliile  in 
Sipunculus  and  allied  "worms  {Gephprea}  Uie  tentacles  form  a  complete 
circle,  and  these  worms  bavc  a  ring-canal  and  an  imperfect  or  rudi- 
mentary sy»l<*ni  of  vessels  tliougbt  by  some  autliors  to  correa{>oud  to 
llie  watervaecular  system  of  EchtnoderinB. 
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on  one  side  arises  the  ^*  respiratory  tree,''  which  has  but  one 
main  stem*  and  is  onlj  miCttsionally  held  in  place  bj  mufi- 
cnlar  threads.    The  branches  are  numerous^  and  are  smaller 


f«»ctti«r  rit^t:  iTiiUiii  v^titrr  vuMalar  cuiiuh  «*   innffrt-ijoiic  body;  pp^ 

pullMin  vpsici'  -  a,  <s\  ]i?*i'UcU)-liu-miil  cwimutile  vcHi«<ii!4  (from  Caru*); 

«,(Vnup]r«OI>i  i\ifluct.— iJru>«  u  bjr  4,  S.  Kitit^lL'/  frum  n  di6fe4n:Li(ji]i  lujidi^  by  tbu  mitiior* 

and  pnler  than  the  ovarian  tuhes.     The  water  enters  the 
chiacu  (r),  pasaoB  int«  the  reepirutory  tree  {b)^  oozea  out  of 
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the  ends  of  tho  brandiea,  filling  the  body,  whence  it  ia  taken 
up  by  the  iiiatlreporic  body  and  carried  into  the  water- 
vascular  eysiom  by  the  narrow  duct  on  the  left  t^iide  of  the 
pharynx.  Besides  being  respiratory,  tiiis  organ  is  supposed 
to  bo  depuratory  in  ita  fnnction*  In  some  Uolothurians 
certain  organs  (the  Ciivierian  organs),  supposed  by  SeiuiH?r 
to  bo  organs  of  defence,  as  they  are  retutily  thrown  ont  when 
the  animal  is  disturbed,  are  attached  either  to  the  stem  of 
the  respiratory  tree  or  to  tlie  cloaca.  The  madreporic  body 
(n»)  forms  a  rosette,  partly  surrounding  the  nienibi-ane  at- 
taclicd  to  one  side  of  the  pyloric  end  of  the  stomach,  and 
leads  by  the  madreporic  caual^  which  is  closely  bound  dowa 
to  the  pharynx,  to  the  ring-canal  (it).  Also  connected 
\vit!i  tlio  ring-canal  arc  two  enormous  Polian  vesicles  (/?,  p)^ 
which  arc  nearly  two  tliirds  as  long  as  tlie  body  ;  by  slitting 
up  their  Imse  with  scissors  they  can  be  followed  to  the  ring- 
c-anab  The  latter  {vr)  is  a  capacious  canal  surrounding  the 
mouth,  and  can  l>e  detected  l>y  laying  open  the  oral-opening, 
and  then  by  cutting  iieross  tbe  longitudinal  muscles  (as  atr) 
the  jadial  vessels  may  be  followed  along  the  body  under  the 
muscles.  Just  above  tlio  ring-canal  is  situated  the  nervous 
ring  (nr),  and  Hh  radial  nerres  {n)  can  be  traced  albng  and 

outside  of  the  radial  water-vjxsctilar  canals.     The  ampulla   

{am)  are  red,  conical,  flask-shaped,  conspieuoua  organs,  Ij^j^H 
irregularly,  a  row  on  each  siJc  of  each  longitudinal  muscM^ 
They  are  filled  with  water  from  the  8umll  lateral  vessels  of 
the  radial  water* vascular  canals.  The  single  ovary  is  com- 
posed of  a  large  mass  of  long  tubes,  which  are  larger  than 
and  tangled  up  with  the  branches  of  the  respiratory  tree. 
The  oviduct  is  attiiebed  by  a  membrane  to  tbe  stomach,  and 
upens  between  two  of  the  tentacles  on  the  edge  of  the 
mouth. 

The  blood  or  pseudo-haemal  vessels  *  are  difficult,  without 
very  fine  dissections,  to  be  made  out.  The  system  consists 
of  a  plexus  of  vessels  lying  next  to  the  ring-canal,  from 
which  two  vessels  («,  a!)  pass  along  opposite  sides  of  the  lo- 

♦  These  vcasc'ls  Id  Fig.  80  have  Ikk'u  copied  from  Carua*  Icone«  Zo- 
oirmiiciB  ;  lu  otlicr  re«|HTis  itio  dniwUii,'  n^pn^sctus  Uto  uutitoiuy  of 
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tcstine.  A  fluid  containing  nucleated  cells  fills  both  the 
pseudo-hsemal  and  water-vascular  canals. 

Holothuria  floridana  Pourtales  is  a  large,  dark-brown 
sea-cucumber,  with  the  feet  scattered  irregularly  over  the 
body,  and  with  smaller  tentacles  than  in  Pentacta,  which  is 
abundant  just  below  low- water  mark  on  the  Florida  reefs, 
and  grows  to  about  fifteen  inches  in  length.  The  aliment- 
ary canal  is  filled  with  foraminifera  and  pieces  of  shells, 
corals,  etc. ;  it  is  about  three  times  the  length  of  the  body, 
and  ends  in  a  much  larger  coeeum  than  that  of  Pentacta. 
There  are  two  widely  separated  branches  of  the  "  respira- 
tory tree,"  one  being  free,  and  the  other,  tied  to  the  body- 
walls  by  thread-like  muscular  attachments,  extends  to  the 
pharynx.  The  pharynx  is  calcareous,  while  in  Pentacta  it 
is  muscular.  On  the  madreporic  body  is  a  group  of  about 
thirty  pyriform  stalked  bodies,  the  longest,  including  the 
stalk,  about  a  quarter  of  an  inch  in  length.  Succeeding 
these  bodies,  and  situated  on  the  madreporic  canal,  leading 
to  the  ring-canal,  are  a  large  number  of  Polian  vesicles,  tho 
largest  one  an  inch  in  length.  The  duet  passes  spirally 
nearly  round  the  oesophagus,  and  empties  into  tho  ring- 
canal  by  the  ducts  nearly  a  quarter  of  an  inch  apart.  In 
connection  with  the  tentacles  or  branchia?  are  twenty  long, 
slender  tentacular  ampullae,  not  present  in  Pentacta  and 
TJiyone,  The  ovarian  tubes  are  very  small,  some  enlarging 
and  bilobate  at  the  end. 

Closely  allied  in  external  form  to  Holothuria  jloridana, 
though  belonging  to  a  different  family  (including  Pentacta\ 
is  Tliyone  hriareus  (Lesueur),  which  lives  just  below  tidal 
marks,  from  Long  Island  Sound  to  Florida.  In  this  genus 
the  ambulacral  feet  are  not  arranged  in  rows,  but  scattered 
over  the  surface  of  the  body.  This  species  is  very  common, 
and  as  it  is  more  accessible  to  the  student  than  any  other  of 
the  sea-cucumbers,  we  give  some  points  in  its  anatomy  as 
compared  with  Pentacta,  with  which  it  is  nioie  c  osoly  allied 
than  to  Holothuria,  In  a  specimen  about  eight  centi- 
metres (three  inches)  long  the  intestine  is  over  two  metres 
(about  seven  feet)  long,  the  oesophagus  opening  into  an 
oval  stomach  less  than  an  inch  in  length.     The  tentacles 
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are  eupaMo  of  being  very  deeply  retract^!,  and  as  in 
Peotacta  there  are  no  t-ent-aiciiliir  ampnllaR.  The  small 
inadi^eporic  liodyis  much  as  in  Pentdcta*and  connects  with 
a  (lueL  (madi-cporic  eaiiul)  leiuling  to  the  ring-caual.  There 
are  three  roliaii  vesicles,  one  fusiform  and  an  inch  in 
length,  the  two  others  slenderer.  The  cloaca  is  of  mod* 
erate  fii^c,  m  in  Pentaeta,  and  the  respiratory  trees  dfride 
at  once  into  two  very  busliy  branches.  The  ovarian  tubes 
form  a  brush  or  round  liroom-like  mass  or  tuft,  al>ont  an 
inch  long,  the  tubes  smaU,  yellow,  and  of  nearly  uniform 
length,  the  oviduct  straight  and  bound  down  to  the  walk 
of  the  boiiy. 

We  might  here  mention  the  most  aberrant  type  of  IIolo- 
thurians,  the  lihopahdina  descvibed  by  Semper*  who  states 
that  the  body  is  flask-shaped,  with  the  mouth  and  vent  sito- 
ated  near  each  other  on  the  smaller  end  of  the  body.  The 
mouth  is  surrounded  by  ten  tentacles,  and  there  are  ten 
papillaa  around  the  anus*  There  is  a  spacious  cloaca  or 
respiratory  tree.  *'  Ten  ambulacra  diverge  from  the  centre 
of  the  enlarged  aborul  cntl  of  the  body,  and  extend  like  so 
many  meridians  to  near  the  commencement  of  the  neck  of 
the  flask.  In  correspondence  with  each  ambulacrum  is  a 
longitudinal  muscular  hand  ;  and  it  is  an  especial  peculiarity 
of  Ehopalodma  that  five  of  these  are  attached  to  the  anal 
circlet,  and  five  to  the  circum-cpsophageal  circlet'*  (Uuadey). 

The  earlier  stages  of  development  of  Holothurians,  so  far 
as  known,  ia  like  that  of  star- fishes.  The  larva  when  fully 
grown  is  called  an  miricukirta.  It  is  tniusparont,  cylindri- 
cal, annulated,  with  four  or  five  bands  of  ciliti,  and  usually 
with  certain  ear-like  pmjectious,  from  which  it  derives  the 
name  originally  given  to  this  larval  form.  Before  the  auri- 
cularia  is  fully  formed  the  young  Holothurian  begins  to  bnd 
out  from  near  the  side  of  the  larval  stomach*  the  calcareous, 
crosa-likc  spicules  aiipeai,  and  tlio  tentacles  arise.  The  ear* 
like  projections  disappear,  the  auricularia  thus  becoming 
cylindrical  It  is  soon  absorbed  by  the  growing  Ilolothurian, 
which  in  some  genera  is  strikingly  worm-like*  and  it  seems 
that  the  Holothurian  is  more  directly  developed  from  the 
larta  than   in  the  case  of  tlie  star-fish  and  sea-urchins,  the 


UETAMonrmsis  of  noifnuuRiA^tfs. 


133 


■istamorphosjg  being  le^s  marked — Le.^  growth  ia  moro 
continiiotis,  .is  in  the  Crinoids, 

la  Uolothuria  tremula  and  Sifnaplula  viviparn  there  hfia 
beeti  observed  a  very  slight  metiimorphosis,  the  jonng  de- 
reloping  directly  in  a  inur8U|iium«  ikS  in  tlie  8tar-fii^lu'8  and 
sesi-tirchius,  Vladodaetyla  craven  Lesson,  of  the  Fiilkhuid 
Iglaods^  iicoording  to  Sir  Wyville-Tliompiion,  carries  it^a 
young  in  a  sort  of  nursery,  Ijcing  *'  ck>sely  packed  in  two  con- 
tinnaus  fringes  adhering  to  the  water-feet  of  the  dorsal  am- 
bulacra,** no  also  found  that  in  Psolrnt  ephippifer  Wrville- 
Thompson,  which  is  covered  with  calcareous  plates,  there  is 
a  dorsal  group  of  larger  tessellated  plates,  each  supported 
bj  a  broad  pedicel  cmhedded  in  the  skin.  Under  these 
nmsbroomdike  plates  brood-cavities  or  eloister-likc  spaceis 
arc  left  between  the  supporting  cohrnins,  and  in  this  archi- 
tectural marsupium  the  embryos  directly  develop  into  sca- 
duntmbers.  It  follows  that  in  all  free-swimming  Eehino- 
derm  larvpe,  there  is  a  true  metamorphosis  as  distinct  as  lu 
the  butterfly,  while  in  other  forms  in  which  development  iv 
direct  the  embryo  is  sedentary  and  lacks  the  cilia  and  vari- 
ous  appendages  so  characteristic  of  the  ordinary  larv^al 
Eehinoderms ;  thus  there  are  different  etages  in  the  differ- 
ent classes  of  Echinoderms  between  direet  development  oi 
continuous  growth,  and  a  complete  metamorphosis  like  that 
of  the  star*fish  or  sea-nrchinj  in  which  the  pin  tens  or  larva 
id  bat  a  temporary  scaffolding,  as  it  were,  for  the  building 
up  of  the  body  of  the  i\Ai\\L 

Turning  now  to  the  classification  of  the  Uolothurians, 
and  beginning  with  the  lewdest,  simplest,  most  generalized 
forms  (which  are  also  remarkably  worm-like),  and  jvscend- 
ing  to  higher  or  more  complieatod  fornix;  we  find  that  tliere 
are  two  orders,  those  without  feet  {Apoila)  and  those  with 
arabalacral  feet  [Pmiaia)*^ 

*  It  is  possible  Uiai  ihc  IIolofhuriaDs  sliouid  he  divided  into  two  stih- 
classes^  one  Dipfoftfjunid^i  Semper,  in  wbi(  h  the  body  is  spliericiil  and 
the  moutli  and  anus  iirc  close  togetlier,  with  tun  ambulacral  rows,  etc. , 
and  the  normaK  cyliDtlrical.  bipolar  llolotlu]  rians.  Scamper's  Bijiit^tomi- 
liAt  is  based  on  liht>pal(Mlma  Utgenifomm  Gray,  from  the  Coapo  Coast, 
aod  regnrded  hy  Scm|)er  as  the  type  of  a  flftb  clftss  of  Echinotlerms. 
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OnUr  1.  Apmhi. — The  simi>U'8t  upodous  furm  is  the 
Eupyrgus  scaler  Lutkon,  in  which  the  biHly  sliowa  no 
uxtenial  eif^iis  of  longitndiual  muscles,  though  there  ure 
five  email  ones,  xmA  is  cnivered  witli  spiiic-liko,  soft  pupillaa 
heuring  cahuirooiia  jihitos*  Wc  have  dredged  it 
freijuenUy  on  the  coust  of  LtUjiador  in  shoal- 
Wttt^r,  It  has  a  circle  of  fifteen  unbrnnched 
tentrtcles,  and  is  about  one  con ti metro  long. 
It  also  occurs  in  Green  hind  nnd  Korwcgiau 
waters,  Mffrioirochvs  hu8  :i  tnmspiirent  skin 
dotted  with  minnto  white  epots^  which,  when 
miigiiified,  appear  to  be  wlieel-like,  c«lcareou3 
plate:*.  IL  hius  a  single  Polian  vehicle,  and  there 
is  no  respiratory  tree  nor  Cnvierian  appendages 
(Huxley).  Wo  have  dredged  this  beautiful 
form  {M,  Einkii  Stcenstnipj  in  sand,  in  tihoal- 
watcr,  on  ilie  coast  of  Litbrador,  A  very  com- 
mon Luljradur  Uololhurian  is  Chirodofa  l(vv€ 
Ginibe  (Fig*  90).  It  lives  in  shallow^  sandy, 
retired  bays,  and  ia  whitish-gi^ay,  with  live  ills- 
tinet  nmseitlar  bands  and  scattered  wliite  sikjis, 
which  aj-e  calcareous,  wheel-like  bodies  situuted 
in  the  skin. 
\\  \  Is' ear    8jjnapla^    m    Leptospiapia    Girardii 

(Yerrill),  our  common  east  coast  species,  which 
Y   \\A      lives  in  sand  at  low  tide,    Tlio  body  is  very 
long,  and  die  animal  when  disturbed  constricts 
its  body  and  breaks  np  iuto  several  pieces.     The 
skin  contains  perforated  plates  and  anchor-like 
bodies  (Fig.  lil).    In  ibis  genns  and  those  ]ire- 
vion^ily  mentioned,  constituting  the  suborder 
Apnenmonu  and  family  Syfiapiidm^  the  eexes 
Fiff,  m.^fht-  are  united  in  the  same  individual,  and  Hiore 
iiAtitmi  Mne.  ti,  IS  no  respiratory  tree,  whne  the  tentacles  are 
'       *'     simply  digitated  or  lohnlated. 
The  next    suborder,   Pneumuphora^  forming  the  family 
Molpadidw,  is  cliaracterized  by  having  a  respiratory  tree. 
In  Caudina  the  skin  is  rough  with  calcareous  pieces^  iko 
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Y\g.  01.  — Hookfl  and 
Synapta  OirardU.—Mxcr  \ 


body  ends  in  a  long,  tail-like  prolongation;  C.  arenaia 
Stimpson  has  fifteen  four-pronged  tentacles;  it  is  com- 
monly thrown  np  on  the  beaches 
of  Massachusetts  Bay.  A  deep- 
water  form,  a  member  of  the 
abyssal  fauna,  is  Molpadia  lur- 
gxda  Verrill,  which  we  have 
dredged  in  over  one  hundred 
fathoms  in  the  Gulf  of  Maine, 
and  which  ranges  southwai*d  to 
Florida.  It  has  a  head-end  like 
the  neck  of  a  bottle,  and  the  end  of  the  body  suddenly  con- 
tracts into  a  tail,  with  a  very  small  anus.  There  arc  fifteen 
tentacles. 

Order  2.  Fedata,  or  Holothurians  with  feet.  The  mem- 
bers of  the  first  family  {Dendrochiroim)  have  tree-like, 
branching  tentacles,  retractor  muscles,  without  Cuvierian 
organs.  It  is  represented  by  Thy  one  and  Pentacta,  wliilo 
here  belong  also  Lophothuria  Fahricii  Diiben  and  Keren, 
Psolus  phantapus  and  P.  squamatus,  in  which  the  body  is 
armed  with  heavy  calcareous  plates,  and  the  feet  are  conflned 
to  a  ventral  creeping  disk. 

In  the  highest  family,  AspidocJiirotcB,  there  are  tentacular 
ampullse  ;  the  left  respimtory  tree  is  bound  to  the  body- 
walls,  and  there  is  a  single  ovary,  while  Cuvierian  organs 
are  present.  Holothuria  is  the  type  of  the  group.  H.  edulis 
Lesson,  of  the  Moluccas  and  Australia,  and  IL  tremula 
forms,  when  dried,  the  trepang  sold  in  Chinese  markets. 
Our  //.  fluridana  has  been  dried  and  exported  to  China  as 
an  article  of  food. 

In  their  geographical  distribution  the  Apoda  are  mostly 
boreal  and  arctic.  Of  the  Pedata,  the  Dtudrochirotm  Jire 
mostly  northern  or  arctic,  while  the  highest  group,  Aspi- 
dochirotce,  are  mainly  tropical.  Certain  genera  {Hblotht^ia^ 
Thyone^  PsoluSfPentactay  Chirodota,  and  Synapta)  are  almost 
cosmopolitan. 

A  few  forms  attain  a  great  depth,  and  certain  abyssal 
forms  are  often   highly  colored.      One    species,    Synapta 
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aimiliM,  lives  in  brackish  \vater,  act^ording  to  Clans,  Sop* 
posed  plates  of  Holothurians  have  been  found  in  the 
Jurassic  rocks. 


Clabb  IV.— HOLOTHUROTDEA. 

W^rmMkB^  cjfUndrical  Eekitwdenwi,  utUh  a  mustutar  hodfftbaR  ^uHniOg 
t9mittitUi^Mkamm»bodie»;  mih  a  circle  tfbruneh^l  (miadu,  a  ternUnai 
■pfiirty  ^  tks  teinfiHM,  madrwpark  plate  internal,  and  ttmitUig  a  rai- 
pkml^mBai^fiptmdage.    Unimmjol  cr  hiteamal,  dnehpinffb^a  nuiamor- 

CMffl.  Jiwda.— Noatnbukcnlfeet  Family  1.  *^nfl;j(»aiF(Eup5Tpia, 
Chirodota,  Synaptu).  Family  2.  Molpadida  (Caudiua,  Mol- 
padia). 

(Mir  %  i^/tatak^-^espvntUyry  tree  present,  and  the  ambulacral  feet 
BinxuaL  Famfly  1,  DendroeMrata  {Thjoae,  Psolua.  Echi* 
uiicuomnla.  Peatacui|.  Family  2.  Ai^ndud^%rvt4»  (UaioLbu- 
Hal    Tlici  Elatmnpoda  are  a  groap  of  d»ep.»aa  fonuB. 

I^OVMA  YlKW  or  THB  CiAaan  and  Oedebs  op  Ecm^oDKiucATA* 


(niMDia.k 


HoujrrittiiKiiiifta. 


ECHtllOfOKA. 


AffnmoffDita. 
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LubsraUnrff  IFbiifc.— The  HoloUiiiriaiui  are  easHj  dissected  by  catticg 
the  body  open  longitudinally,  and  pinning  the  q)ecimen  down  in  a 
djasecting.pan,  with  wax  on  the  bottom  for  holding  the  pins.  The 
cakareous  plates  can  be  extracted  from  the  body- wails  by  being  placed 
in  a  sohition  of  potash  and  mounted  in  balsam  as  microscopic  objects. 


BncriDOS  or  Stone  Lily. 


CHAPTER   V. 

BRANCH  v.— VERMES  (Wobks). 

General  Characters  of  Worms.— Having  studied  the 
one-celled  aoimulis,  or  ProtozoaQS,  and  the  radiated  animals, 
or  Ccelenterates  and  Ecliinoderms,  we  pass  to  an  assemblage 
of  forms  which  even  in  the  simplest  types  are  seen  to  have  a 
dorsal  and  ventral,  a  right  and  left  side,  and  a  head  and  tail 
end.  It  is  rare  that  the  form  of  a  worm  is  so  modified  by  its 
habits  or  surroundings  but  that  we  are  able  to  oall  it  a  worm, 
though  when  wo  attempt  to  draw  up  a  definition  of  the 
branch  or  sub-kingdom  Venntfss,  one  which  shall  exclude  the 
worm-like  Holothurians  or  the  Mollusks,  or  certain  low  mites 
and  Crustacea,  or  even  the  Amphioxiis^  we  find  it  impossible 
to  lay  down  a  set  of  characters  which  shall  accurately  and 
concisely  define  them.  This  is  dno  to  the  fact  that  the  worms 
are  par  excellence  a  generalized,  synthetic  type,  from  which 
the  other  hianehes  of  the  animal  kingdom  above  the  Protozoa 
and  sponges  have  probulily  originated.  It  will  he  well  for 
tlie  student  not  to  trouble  himself  at  first  about  a  definitioii 
of  the  branch,  but  to  study  with  care  the  leading  types,  and 
then,  in  a  review  of  the  group,  he  will  have  a  more  or  less 
definite  idea  of  the  sub-kingdom,  and  jicrccive  where  its  bor- 
ders, liere  and  there,  merge  into  other  branches,  and  lie  will 
be  then  able  to  understand  the  grounds  for  the  spei^ulations 
regarding  the  })hylogeny  or  ancestry  of  the  other  branches, 
which  have  all  an  apparent  t?tarting-point  from  low  or  simple 
forms  resembling  such  worms  as  we  are  next  to  describe* 

As  a  provisional  definition  of  a  tyjiical  worm,  we  may  say 
that  it  is  a  many*celled,  throe-genn*Iayei*ed,  bilateral  animal, 
with  a  well-marked  dori^al  and  ventral  side  and  a  bead  and 
tail  end,  with  the  body  in  the  higher  forma  divided  at  reg< 
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nUur  inieirals  into  segments  (somites  or  artbromeres),  with 
usually  a  definite  relation  of  the  more  important  viscera  to 
the  body- walls — t.^,  a  digestive  tract  extending  from  the 
head  to  the  end  of  the  body,  the  nervous  system  consisting 
of  a  brain,  or  supracesophageal  ganglion,  and  a  single  or, 
more  commonly,  double  chain  of  ganglia,  resting  on  the 
floor  of  the  body  ;  a  dorsal  vessel  or  heart  is  usually  present 
being  situated  above  the  digestive  tract.  True  jointed 
appendages  are  never  present,  and  in  the  embryo  the 
blastoderm  is  usually  without  any  *'  primitive  streak  "  (the 
A  nnulata  excepted).  This  definition  will  exclude  the  worm- 
like Actinozoa  and  Holothurians. 

Before  describing  the  lowest  class  of  worms,  we  may  call 
attention  to  a  small  aberrant  group  called  Mesozoa  by  E. 
Van  Beneden,  the  position 'of  which  is  doubtful,  though  the 
animals  composing  it  arc  probably  aberrant  worms. 

In  1830  Krohn  observed  in  the  liquid  bathing  the  "  spongy 
bodies,"  or  venous  appendages,  of  different  species  of 
Cephalopoda  certain  filiform  bodies,  covered  with  vibratile 
cilia,  and  resembling  Infusoria.  They  were  afterward  named 
Diryema  by  KoUiker,  who  with  others  considered  them  as 
intestinal  worms.  In  1876  Professor  E.  Van  Beneden  gave 
a  full  account  of  their  stnicture  and  mode  of  development. 
He  states  that  these  organisms  have  no  general  body-cavity, 
but  that  the  body  consists  (1)  of  a  largo  cylindrical  or  fusi- 
form axial  cell,  which  extends  from  the  anterior  extremity 
of  the  body,  which  is  slightly  enlarged  into  a  head,  to  the 
posterior  end  ;  (2)  of  a  single  layer  of  flat  cells  forming 
around  the  axial  cell  a  sort  of  simple  pavement  epithe- 
lium. All  these  cells  are  placed  in  juxtaposition  like 
the  constituent  elements  of  a  vegetable  tissue.  There  is 
no  trace  of  a  homogeneous  layer,  of  connective  tissue,  of 
muscular  fibre,  of  nervous  elements,  nor  of  intercellular 
substance.  There  is  only  between  the  cells  a  homoge- 
neous substance,  such  as  is  found  between  epithelial 
cells.  The  axial  cell  is  regarded  as  homologous  with  the 
endoderm  of  the  higher  animals  {Metazoa),  Van  Beneden 
designates  as  the  ectodermic  layer  the  cells  surrounding  the 
large,  single  axial  cell.     There  exists  no  trace  of  a  middle 
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layer  of  cells,  nor  of  any  organs,  all  the  animal  and  vegeta. 
tive  fimctions  being  accomplisbed  by  the  activity  of  tbe 
ectodermic  cella  and  of  the  single  axial  celL  There  is  no 
mesodermic  cell  or  cells.  On  account  of  these  characteris- 
tics, Van  Beueden 
regards  these  or- 
ganisms as  forming 
the  tj*pe  of  a  new 
branch  of  the  ani* 
mal  kingdom, 
which  he  distin- 
guishes as  MesQZOcu 
He  places  the 
branch,  or  &ub- 
kingdom,  l>etwecn 
the  Proioioa  and 
all  the  many-celled 
animals  {Metaioa)^ 
and  includes  the 
hypothetical  Gets- 
trwmies  of  Haeckel 
in  the  branch. 
While  this  position 
may  prove  to  be 
the  correct  one,  we 
shonld  prefer, while 
not  overlooking  the 
resemblance  of  the 
Dicyemldm  to  the 
Infusoria,  and  even 
the  Gregarinffi,  to 
wait  for  more  light 
on  the  development 
of  the  parasitic 
Platyhelminth 
worms*  It  ia  not  improbable,  on  the  one  hand,  that  the 
Dieyemidcdp  retaining  their  parasitic  life,  are  retrograde 
forms,  which  have  originated  from  some  low  Cestoid  or 
Hoatoid  worm,  and  bear  the  same  relation  to  them^  the 
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fCestofdB  especially,  which  have  no  body-carity,  as  the  Tar- 
digrades  or  Lingxtatulm  do  to  the  higher  Arachnida, 

I    Each  species  of  Dicyema  and  DictftmeUa  (Fig.  92)  com- 
prises  two  sorts  of  individaals,  differing  externally,  one  (the 
A'imaiogene)    prodncing    vermiform    embryos,    the    other 
iRhmnhagene)  infusoriform  (but  many-celled)  young*     The 
pematogenes  produce  germs  which  undergo  total  eegmen- 
pation,  and  assume  a  gastrula  condition.     After  the  closure 
jpf  the  primitive  opening,  the  body  elongates,  and  the  worm- 
like  form  of  the  adult  is  finally  attained,  when  it  passes 
Ihrongh  the  body-walls  of  the  parent. 
The  germs  of  the  Rhombogenes  arise  endogenously  in 
^^tecial  cells  lodged  in  the  axial  cell,  and  called  **  germi- 
H^nefi.^'     The  germ-like  cells  undergo  segmentation,  and 
then  form  small  spheres,  which  become  infusoriform  em- 
bryos.    The  worm -like  young  is  destined  to  be  developed 
Hpid  live  in  the  Cephalopod  where  it  has  been  born,  while 
^■he  infusorian-Hke  young  probably  performs  the  ofticD  of 
^■isseminating  the  species.     It  is  possible  that  in  those  ani- 
^■nals,  such  as  the  Cetacea,  which  feed  on  cuttlefishes,  these 
^Plrorms  (the  Xemiitogenes  at  least)  may  pass  into  a  genuina 
vermian  form. 


I 


LASS    L — PLATYHELMINTHES   (Flat-worms,    Tape-WOTmSf 
Fluk^'Wormi^  etc.) 


}  Order  1.  TurbeUaria, — In  any  pond  of  standing  water 
one  can  find  on  the  under  side  of  sticks  or  stones,  small 
dark  flat  worms.  These  are  Planarian 
worms.  The  common  dark-brown, 
almost  black  Phtnaria  torva  M tiller 
j(Fig.  93)  is  alK>ut  six  or  eight  milli- 
etres  long,  oblong,  flat,  with  two 
lack  eye-spots,  with  an  oblong  oval 
in  front  of  each  eye.  A  form 
allied  to  this  is  a  perfectly  white  Planti- 
rian  called  Dendrocmlum  lactenm  Oersted,  which  lives  under 
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siibnier^eJ  stones,  sticks,  and  leaves  in  ponds.  The  body 
is  partly  transparent,  with  a  dark  area  representing  the 
Btomacli,  from  which  branch  out  at  right  angles  a  multi* 
tudo  uf  cmeal  canals  (gastric  caeca).  It  has  two  small 
black  eye-specks.  Closely  allied  to  this  flat  worm  is  an  eye- 
less form  inhafiiting  the  streams  of  the  Mammoth  and  ad- 
joining caves,  which  may  be  called  Dendrocmlum  percwcum 
(Fig.  94). 

The  foregoing  forms  arc  ea-^ily  obtained  by  the  student^ 
wIjo  can  study  tbeir  habits  in  confuiemenL  They  all  be- 
long to  the  order  TurheUariiij  wliieh  is  characterized  by  the 
tlat,  oval  body»  covered  with  cilta.  The  ciliary  motion  can 
bo  detected*  as  Moselcy  has  done,  by  placing  a  little  arrow- 
root meal  or  line  bits  of  paper  on  the  back  of  the  animal ; 
those  were  seen  tu  move  in  a  forward  direction  on  the  an- 
terior part  of  the  body  of  GeopUuia  fiava  Moseley,  a  Bra- 
zilian hind -planar  iaiK  and  posteriorly  they  moved  backward. 

*'  In  all  regions  of  the  dorf^al  surface  it  moved  ontward, 
as  was  observed  by  Fritz  Muller,  at  the  same  time  as  hack- 
ward  or  forward,  and  Wiis  thus  rapidly  thrown  off  at  the 
side  of  the  body,  the  dorsal  cilia  a]>parently  subserving 
especially  this  function  of  the  speedy  removal  of  foreign 
snbstanccs  from  the  surface  of  the  body '*  (Moselev)-  The 
structure  of  the  flat  worms  may  be  onderstood  by  referring 
to  Fig.  95,  which  ilhistrates  the  anatomy  of  a  common 
European  marine  flat-worm.  The  digestive  canal  ojX'ns  by 
a  mouth  situated  usually  liehind  the  middle  of  the  body, 
which  leads  into  a  chamber  contaiuiug  a  cylindrical  or 
funnel-shaped  proboscis,  capable  of  being  suddenly  thrust 
out.  The  digestive  canal  is  cither  a  short  blind  sac,  or  is 
long,  forked,  and  either  simple  or  much  branched  (Fig. 

These  worms  have  a  so-called  water-vascnlar  system,  con- 
fiisting  of  two  lateral  canals  and  numerous  branching  lat- 
cml  sterns,  with  a  common  opening  or  pore  in  the  skin  t>e- 
tween  the  two  main  stems,  or  there  may  be  many  pores. 
ITiO  vessels  are  ciliated  within,  and  are  supposed  to  have  a 
respiratory  or  excretory  function.  The  nervous  system  eon- 
fciists  of  a  diiuldc  ganglion  situated  oti  tfie  front  end  of  the 
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Ijodj  fFig.  1»5,  /),  from  which  nenrea  paag  in  different 
direedoDBs  but  a  true  nerve-cord  is  not-  known  with  cer- 
tainty to  exisL*  The  eyes  are  verj  simple,  indicated  by 
two  or  niore^  gometimes 
ihirtT,  dark  pigment  spots. 
In  certain  forms,  snch  as 
Maerosfmnum^  there  is  a  ru- 
dimentary car  (otocyst)* 

Most  of  the  Planarians, 
land  and  aquatic,  have  organs 
of  defence  in  the  form  of 
minnto,  etiff  rods,  either 
coiled  np  in  an  irregularly 
spiral  manner,  or  short  and 
Btraight,  contained  in  oval 
eella.  These  bodies  are  shot 
otit  ia  great  numbers  when 
the  animals  are  irritatecU  hut 
■re  not  retractile,  being  pro- 
jected clear  from  the  skin. 
In  being  neither  retractile 
nor  Iiarbed,  they  differ  from 
the  lasBO-cells  of  the  jelly- 
iibes.  That,  however,  they 
Wtt  true  urticating  organs 
htti  been  proved  bv  Mr. 
Thwuit^a  (at  the  suggestion  i,^;^-^*^!^;^S^ 
of    Mr.   Moseley),    who,    on  ^l  ^IrSTSSki^ 

touching    certain    Ceylonese  Jl,^^:^,^V'';«:^^!^t«^^^^ 
knd  -  planarians     with     his  -Aft*fqimtref«gv«. 

tongue,  felt  an  unpleasant  tingling  or  scalding  sensation, 
accompanied  by  a  slight  swelling. 

•  Bchmarda  desrribes  the  nervous  system  of  Bifmlmm  dendrophUfU 
ftd  formed  of  two  piitnnf  gang^Ua,  from  the  hinder  of  whirh  arise  two  par- 
allel nerve*- threads,  wlrlch  dilate  into  ni  least  Dine  swellings.  Moseley 
discovered  no  more  than  one  pair  of  ^nglia  in  the  speciet*  of  Bipatium 
he  examined.  Bhinchard  hiia  demonstrated  "  sucee!^sive  gantiltonic 
re|ietitioD8  along  the  aervous-ttireadtt  at  tlie  right  and  1i*ft  sidei^  of  the 
mid  line  of  the  body  of  a  large  Planarian  {fU^dudu$  Gayi  Blaiw:ti.\/'— 
Clark's  '*Mmd  io  Nature."  p,  253. 
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Tlie  Turhdlarxa  are  hermaphroditic,  the  ovaries  and  testes 
witli  the  iiccessorj  apparatus  (Fig.  95)  being  present  in  the 
same  individual ;  hot  in  nuiny  forma  the  sexes  are  diatiuct 

Little  is  known  of  tlic  development  of  the  fiat- worms. 
In  a  common  marine  Planarian,  tSi ijlnchus  elliptica  (Girard), 
which  is  ahout  two  centimetres  long^  and  lives  under  stones 
between  tide-marks,  nortJi  of  Cape  Cod,  the  ^gg%  are  depos- 
ited in  May  and  June,  in  a  thin,  viscid  band,  on  stones  and 
sea-weeds.  The  eggs  undergo  total  segni  en  tuition  in  four  or 
five  days  after  they  are  laid.  The  larva  is  round,  ciliated, 
with  a  candal  llagellum.  In  eight  or  ten  days  after  the 
larva  has  hatched,  it  stops  swimming  about,  and  becomes  a 
**  mummy-like  body,'"  wliich  Girard  calls  a  '*  chrysalis. ** 
In  this  state  it  floats  about  in  the  water.  Its  further  his- 
tory 18  unknown. 

In  LcpiopUna  {Polt/celh)^  according  to  Keferstein,  the 
yolk  undergoes  total  segmentation  as  in  SI  glomus ;  the 
outer  layer  of  cells  forms  a  blastoderm  wliich  surrounds  the 
more  slowly  growing  cells  within.  Keferstein  describes 
and  figures  the  various  stages  by  which  the  spherical  cili* 
atcd  embryo  attains  the  form  of  the  adult,  wliose  devel- 
opment seems  to  be  less  in  ihe  nature  of  a  metamorphosis 
than  that  of  Stylochus. 

The  Planarians  also  in  some  species  mul- 
tiply by  fission,  and  when  cut  int^j  pieces, 
according  to  H,  J.  Clark,  each  piece  may 
eventually  become  a  well-formed  Planarian. 
Clark  figures  in  his  **  Mind  in  Nature'*  two 
Pliinariaus  derived  from  two  sections  of 
Dendrovmlum  lacieum,  which  became  fully 
difvelo|>ed  within  eleven  days  after  the  opera* 
tin.  Several  Turbellarians  are  known  to 
UTuiergo  spontaneous  fission. 

Catentda  lemnm  Dug^s,  by  transverse  di* 

vision,  forms  chain-llko  aggregations,  and 

*"  rt£'i^[rdi"iSon'  ^  South   African   species,   C   quaierna^   of 

Jter  scimwif^;  Schmarda,  has  been  found  by  him  to  have  the 

habit.      Fig.    96   represents  two  individuals  (much 

ed;  in  piirtial  division^  and  a  chain  of  five  individ- 
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nals,  natoral  size.  Tho  same  process  of  Htrobilation  has 
been  carefully  obseryed  by  Gruff  in  MicrashmHm  Uneare 
Oersted.  In  tlie  chain  of  four  individuals  (Fig.  97)  I  indi- 
cates the  division  of  the  first  order,  and  II  those  of  the 
raecond  order;  at  the  points  in  tho  zooids  marked  III  there 
are  indications  of  a  future  third  subdivision^  and  at  IV  of 
a  fourth  ;  so  that  potentially  the  chain  con- 
eifita  of  sixteen  zooids,  and  the  division  is 
first  indicated  in  the  digestive  tract  wh;ch 
lorms  subdivisions  with  septa  reaching  to 
the  body-walls,  while  secondary  and  tertiary  IV 
month-germs  appear  in  the  division-sections  ^1 
{m\  m\  Fig.  op. 

Hnxley  in  his  Manual  of  the  Anatomy  of 
Invertebrated  Animals  etiitcs  that  in  some 
genera  of  Turbellarian  worms  **  a  difference 
is  observed  between  the  cgga  produced  in 
summer,  which  have  a  soft  vitelline  mem- 
brane, and  those  produced  later.  These  so- 
called  winier  ova  have  hard  shells. 

The  genuine  flat^ worms  arc  divided  into 
two  suborders  :  Rhahdocmla  and  Dendrocwhu 
In  the  former  group  there  is  an  extensible 
pharynx,  and  the  digestive  tract  is  not 
branched.  The  Rhabdocoela  are  represented 
by  Caitmda^  Prosiminnn^  Microatowum,  etc. 

The  Dendrocoela  sometimes  have  two  tenta- 
cle-like continuations  of  the  fiont  end  of  the 
body.  The  digestive  canal  has  one  anterior,  two 
posterior  large,  and  many  secondary  branches, 
and  a  proboscis. 


Pig.  »r.*^BtmfiJ- 

Here  belong  the  Planarians  S^hr  ^i^t 


of  fresh  and  salt  water,  and  the  Qeoplanulm  IJJ'oriff."*'^'"^' 
or  land -planarians,  represented  in  the  United 
States  by  Bhyncodesmus  sylvaiicits  Leidy.  The  only  para- 
sitic species  of  the  order  known  are  Stimpson'a  Cryptocm- 
lum  f/pacnm,  which  infests  the  sand-cake  (Efhiuartirhnius 
pnnna)f  and  Typhheolax  a^uminata^  which  lives  on  a  Holo- 
thurian  (Chirodota)  ;  while  Semper  has  described  Anoph' 
dium  Schneideri.  which  lives  in  the  intestines  of  Stichopui 
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variegaium  and  Mdllerut  hcanora,  two  East  lodian  lit 
ihuriung, 

Tlie  Planarian  worms  merit  careful  cousideration,  as  it 
possible  that  the  Molliisca  have  originated  from  iirimitive 
forms  resembling  them. 

Order  '4,  Trematotks, — Kaving  Btadied  the  Planarij 
wo  shall  be  able  to  appreciate  the  characteristics  of  the 
matode  worms,  which  are  all  parasitic,  and  are  constroi 
on  the  dendroca^ons  planarian  type,  more  or  less  modi 
by  their  parasitie  life,  some  being  external,  hut  most  of 
them  internal  parasites.  They  closely  agree  witli  the  Tur- 
h'Uaria  in  form,  never  being  segmented.  The  mouth*opeii* 
ing  is  uaually  situated  near  the  fore-end  of  the  body  (sooia* 
times  in  the  centre),  leading  hy  a  muscular  plmrynx  ia  Uie 
digestive  canal,  which  is  forked  and  ends  in  two  ca*ca-  Uni- 
cellular glands  open  into  the  pharynx.  In  one  genus  {Am* 
philina)  there  is  no  digestive  canaL 

The  Trematodes  usually  possess  what  the  Tarbellari 
do  not  have,  a  sucking-disk  (Fig.  08,  /?,  ^),  situated  a  little 
behind  the  middle  of  the  body,  by  which  they  ailhcr<^  to  the 
walls  of  the  organ  of  the  host  they  inhabit.  The  so^alled 
water-vascular*  or  excretory  system  forms  a  network  of 
vessels  branching  from  two  main  lateral  tubes,  which  unitfl 
to  form  a  contractile  vesicle  ending  in  a  terminal  poit\  or 
the  main  branches  may  end  in  two  or  more  lateral  pores. 

The  fact  that  there  is  no  anal  opening  seems  to  conBrm 
the  idea  that  the  water- vascular  system  is  excretory,  thus 
affording  the  only  outlet  for  the  waste  products  of  digei»- 
tion.  There  are  no  blood-vessels  or  respiratory  organs,  sod 
the  surface  of  the  body  is  not  ciliated  except  in  the  embryciv 
The  nervous  system  is  usually  represented  by  a  single  gan- 
glion, like  that  of  the  Turbclhirians.  Eye-spoU  arc  soiiio^ 
times  present  in  the  foung*  which,  with  other  points  in  tlieir 
organiauition,  tends  to  show  that  the  Trematodes  have  origi- 
nated from  Turbellaria*  liaving  been  modified  by  their  parm- 

•  That  the  so-called  water  rascul/ir  system  b  maialy  at  lenit  excrrtorf 
in  itH  fuuctiuo  sfcius  pmved  by  the  fiK-l  thnt  the  tluiil  [a  wiiter>*  mid 
contains  Kninulnr  conenaionft,  tdus  rotembUi^  tlii7  uHiuiry  cxcretloiu 
of  the  higher  oiitmiilH. 
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dtic  life,  and  with  somewhab  tho  same  relations  to  Tnrbella- 
lians  as  Lemsean  parasites  have  to  the  normal  Copepoda,  or 
water-fleas. 

There  is  always  one  Backer  which  usnaU  j  encircles  the 
month,  the  other  (central)  sncker  varies  in  position,  and 
sometimes  there  is,  as  in  the  extemallj  parasitic  Polysiih 
midm  {Aspidogasier,  Polysiomum,  etc.),  a  sncker  on  each 
side  of  the  month-opening.  In  some  forms  there  are  two 
large  chitinons  hooks  in  tho  median  line  between  the  hinder 
suckers,  of  which  there  may  be  several. 

The  reprodnctive  glands  are  more  or  less  complicated,  and 
are  much  as  in  the  TnrbeUarians.  The  eggs  are  formed  (as 
in  Cestodes,  Turbellarians,  and  Botifers)  by  two  distinct 
glands,  a  germigene  and  a  viiellogene,  the  latter  forming  the 
nutritiTC  mass  which  envelops  the  protoplasmic  germ  or  egg 
proper,  the  entire  mass  being  afterward  enveloped  by  the 
egg-shell.  Frequently  two  or  more  eggs  are  enclosed  in 
one  shell.  The  species  are  mostly  monoecious,  the  external 
opening  of  the  oviduct  and  tho  large  intromittent  organ 
being  contiguous. 

The  development  of  the  egg  begins  by  subdivision  of  the 
nucleus ;  the  nucleolus  then  divides,  and  subsequently  the 
protoplasmic  mass.  The  yolk,  however,  remains  entirely 
independent  of  this  division,  and  serves  as  nourishment  for 
the  other  cells  forming  the  body  of  the  embryo.  From  E. 
Van  Boneden's  observations  it  appears  that  the  eggs  of  tho 
lower  flakes,  as  a  rule,  undergo  total  segmentation,  and  the 
young  of  the  DistomecB  are  hatched  in  an  oval  ciliated 
'*  trochosphere  "  form,  without  eye-specks,  as  in  Distoma 
and  Amphistoma  ;  or,  as  in  the  Polystomem,  there  is  no  meta- 
morphosis, but  development  is  direct,  the  embryo  passing 
directly  into  the  adult  condition. 

It  was  not  known  before  tho  publication  of  Steenstrup's 
work  in  1842  that  certain  worms  called  CercaricB  were  the 
free  larval  forms  of  the  Distomes.  The  Cer carta  echinata^ 
flrst  described  by  Siebold,  is  like  a  Diatomum,  except  that 
the  body  is  prolonged  into  a  long  extensible  tail.  This  tail, 
says  Steenstrup,  is  formed  of  several  membranes  or  tubes 
placed  one  within  the  other,  of  which  the  outermost  is  a 
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very  transparent  ^pidermis^  tinder  which  is  a  tolerably  thick 
membrane  furnished  with  transverse  musenlar  fibres,  while 
between  each  pair  of  these  transTcrsc  fibres  is  placed  a  globu- 
lar Tesicle  which  appears  to  be  a  mucous  folhcle  or  gland  ; 
the  innermost  tube  is  opacjue  and  of  firmer  consistence ;  it 
contains  the  longitudinal  muscular  fibres,  and  is  usually  re- 
ticulated on  the  surface.  Through  the  centre  of  these  tubes 
there  passes  a  slightly  narrower  canal,  which  becomes  very 
small  toward  the  extremity  of  the  tail  The  existence  of 
the  same  layers  in  the  body  itself  of  the  Cercaria  can  easily 
be  demonstrated  ;  but  the  transversely  striated  layer  is  here 
not  80  much  developed. 
Steenstrup  states  that  these  Echinate  CeroaxisB  (Fig.  ^8) 


Fig.  QS^^Metamorplioiiifi  of  %  OereaHa  Into  «  nistommii,  A^  parent 
a,  ntuw.  J}.  Una.  £7,  encysted,  pupal  Cercaria.  />,  adult  II 
Stoenatnip. 


Dlatomiim.— Afl«r 


are  found  by  thousands,  and  frequently  by  millions,  in  the 
water  in  which  two  of  the  largest  European  fresh-water 
snails,  Planorlns  cor  ma  and  Limnwus  stapnalis,  have  been 
kept  After  swimming  abuut  in  the  water  some  time,  they 
fix  themselves  by  means  of  their  suckers  (B,  »)  to  the  slimy 
skin  of  the  snails,  in  such  numbers  that  the  latter  look  as  if 
covered  with  bits  of  wool. 
The  Cercaria,  by  contractions  of  its  body  and  violent  lash* 
of  the  tail,  forces  its  way  into  the  body  of  its  host,  lo«ea 
I,  and  then  resembles  a  mature  Distoma.     By  turning 


LIFE  HISTORY  OF  FLUKE ^ WORMS, 


U» 


ftbont  in  its  place  and  Becreting  a  sllme,  a  cyst  is  gradually 
formed*  with  a  spherical  sheU.  This  constitutes  the  '*  papa  *' 
stale  of  the  Cercaria*  Steenstrup  thinks  that  the  Cercaria 
casta  a  thin  skin.  In  this  state  the  body  can  be  seen  through 
the  ahell  of  the  cyst*  as  in  Fig,  98,  V,  where  the  circle  of 
spinea  embedded  around  the  mouth  is  seen.     The  encysted 

crcariie  remain  in  this  state  from  July  and  August  until 

the  following  spring  ;  and   during  the  winter  months,  in 

snails  kept  in  warm  rooms,  they  change  into  Distomas  (Fig* 

/)),    the  mature  fluke  differing,  however,  in  some  im- 

rtant  respects  from  the  tailless  larvae.     In  nature  they 

remain  from  two  to  nine  months  in  the  encysted  state. 

*'  Xow,"  asks  Steenstrup,  "  whence  come  the  Cercariae  ?*' 
Bojan  OS  states  that  he  saw  this  si>ecies  swarming  out  from  the 
"  king's  yellow  worms/'  which  are  about  two  lines  long  and 
occur  in  great  numbers  in  the  interior  of  snails.  From  these 
are  developed  the  larval  Distomes,  and  Steenstrup  calls  them 
the  "  nurses  "  of  the  Ccrcariae  and  Distomes.  They  exactly 
resemble  the  "parent-nurses"  (Fig.  98»  A,  and  100),  and, 

ke  them,  the  cavity  of  the  body  is  filled  with  young,  which 

evelop  from  egg-like  balls  of  cells.     Steenstrup  was  forced 
conclude  that  these  nurses  originated  from  the  first  nurses 

Fig.  98),  which  he  therefore  calls  *'  parent-nurses."     Here 

le  direct  observations  of  Steenstrup 
^n  the  Cercaria  echimUa  came  to  an 
'end,  but  he  believed  that  the  parent* 
nurses  came  from  eggs.  The  link  in 
the  cycle  of  generations  he  supplied 
'from  the  obser>"ations  of  Siebold, 
who  saw  a  Cercaria-like  young  (Fig. 

^,  B\  expelled  from  the  body  of  the 

tliated  larva  of  Monostomum  muta- 

tie.     Steenstrup  remarks  that  '^  the 
Br*t  form  of  this  embryo  is  not  un-     Fig. 
ike  that  of  the  common  ciliated  pro-  ^'SSuth 

eny  of  the  Trematoda,  as  they  have  ^* "°'^^" 
en  known  to  us  in  many  species  for  a  long  time,  and  it 
Jmight  at  first  sight  be  taken  for  one  of  the  polygastric  in- 
fusoria of  Ehrenberg,  which  also  move  by  cilia ;  whilst  in 
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i^i»  next  form  wliich  it  mstnmn  the  roang  MoDoetoratim 
htmrs  an  oiideii table  resemblatice  to  those  aniniitld  which 
1  haTie  termed  '  nnrBes '  and  *  parent-nimses  ^  in  that  speciea 

imt  thoTreaiatoda  which  is  defeloped  from  the  Cermria  echi* 

Thus  the  cyrle  it  eomplirtod*  and  the  following  summary 

^€if  changes  underline  hx  the  Dtstomes  present  as  clear  a 

case  of  ail  alternation  of  generations  aa  seen 

in  the  jellj-fi^es : 

1-  Egg, 

%.  Monila. 

a.  Ciliated  larva. 

4-  Bedia  (parent-nurae,  Proscolex)  prodac- 

.  Cercaria  (nurse.  Scolex), 
.  Encysted  Cercaria  {Proglaiiut), 
I.  Diatomum  {ProgMiU), 
The  DUiomum  eckimilum  (Fig.  lOfl),  living 
In  snails  which  are  eaten  by  ducks^  hare  been 
shown  by  St.  George  to  develop  into  the  adult 
Dtstoma  in  the  body  of  that  bird.  It  is  gen- 
erally the  case  that  those  Bistome^  which  pass 
through  an  alternation  of  generations  lire  in 
the  Itrral  state  in  animals  which  serve  as  food 
for  higher  orders.  Thus  the  Bucephalus  of 
tJie  European  oyster  ptisses  in  the  encysted 
state  into  a  fish  which  serves  as  food  far  a 
larger  fish,  Behne  mlgaris,  in  whose  intes- 
tine the  adult  of  the  same  worm,  a  species 
of  Oa^irroKtomum,  occurs.  The  American 
oyster  is  infested  by  Bnrtphalus  cucnUis  Mi 
tvtoMid BoMdea.  ejady.  It  infests  the  ovary  of  the  oystei 
Whether  it  is  permanently  injurious  to  the  latter  is  un» 
known, 

fhsciola  hepuiiat  (Fig.  101),   the  liver-fluke,  sometimes 

occttrring  in  man,  is  thought  by  Dr.  Willemoes-Suhm  to 

1  its  existence  as  Cer curia  cyniophora^  parasitic  on  a 

^  of  Platiorbis, 

most  abundant  in  sheep  in  the  spring,  several  hondred 


roNts  or  fMreat- 
laun«  of  ifyt^ 

,  illf4  with  cerc»- 


»d^| 
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(KXMtrrifig  in  the  liver  of  a  gingle  sheep.  At  this  time  it  pames 
into  the  intestine,  and  thence  is  carried  out  with  the  excre- 
ment. The  eggs  or  flukes  in  many  cages  drop 
into  pools,  ditches,  or  ponds  ;  here  the  cili- 
ated Tonng  (like  Fig.  901  is  lihemtod.  and 
soon  the  cilia*  are  absorbed,  when  it  l>ecoroes 
inert,  and  probably  Boon  afterward  enters 
the  bod  J*  of  a  snail  {Pfanorhfs^  etc),  where 
it  transforms  into  a  largo  sac,  and  devel- 
ops new  larvae  in  its  interior.  This  sac- 
like  larva  is  called  a  '*  nurse/'  '*  sporo- 
cyst,*'  or,  when  more  highly  developed,  a 
"r#<frrt."  The  progeny  of  the  redia  is 
termed  a  "cercaria.''  The  cercaritc  arc 
restless,  migrating  from  the  bodies  of  their 
snail-host,  and  have  been  known  in  a  few 
instances  to  penetrate  the  skin  of  Iiuraau 
beings.  They  are  probably  more  usually 
^^'uUowed  by  sheep  and  cattle  w^hile  drink-  /J^im  (iilf«t^,  f. 
ing  or  grazing,  when  snail-shelk  may  be  Fmrn'^rArvaM^umi^^^^ 
accidentally  swallowed.  From  the  diges-  ^"***''°' 
tive  canal  of  slieep^  ete.,  the  ce  rear  in  penetrates  into  the 
liver,  where  it  probably  loses  its  tail  and  becomes  encysted, 
after  many  weeks  or  even  months  becoming  a  sexually  nia- 
turo  distome.  From*  the  liver  it  passes  out  through  the 
liver-4lactB  into  the  intestine,  and  is  finally  expelled,  thus 
completing  its  cycle  of  life  (Uobbold). 

DUtomum  lanreoMum  Mehlia  differs  from  Fasdola  he* 
pafica  in  the  intestine  being  simple  and  forked,  while  that 
of  the  latter  is  much  branched.  It  has  occurred  but  three 
limes  in  man,  but  is  not  rare  in  the  sheep  and  ox.  It  has 
been  detected  in  Europe  in  the  pig,  deer,  nibbit,  and  hare- 
Two  immature  Distomes  have  been  found  in  the  human 
eye,  and  Cobbold  thinks  they  may  both  be  the  young  of 
P.  lancfdlatum.  It  is  described  by  Diesing  under  the  name 
of  Diatomum  ophihfdmobinm,  is  half  a  line  in  length,  and 
Incurred  between  the  lens  and  its  capsule,  appearing  as  dark 
gpfits  on  the  surface  of  the  lens.  Didoimtm  rrmmtm  Busk 
aiid    A  ht^terophtjm   iSiebold    have  each    been    only    once 


in  a  Lascar,  the  latter  in  sn 


Cobbold  is  common  xn  tlie  portal 
«(  Uti»i-^i««Mk  Mid  in  the  veins  of  the  me^nterj, 
ftew%«f  l^gypliMw^  and  has  caused  an  endemic  dis^ 
id  Ai»  Qaiia  off  Qwd  Hape.  In  Egypt,  out  of  thii^ 
Mt^r-Hiiw  poti-mariem  examinations^  this 
«iit  iMntrvd  and  seventeen  times.  It  ia 
giftt^JT  «Hialler  than  the  male,  lirlng  in 
m  miml  «r  yanafa  m  ilia  mk  formed  bv  the  infolding  of 
tWt^EM^  lliaMMaam  ode  of  the  body,  culled  a  fft/nwoh 
TWiir  aa«  lIurY^  ^Atr  ran?  homan  flukes  knoirn  : 

IMIt  Chiaje,  Htjtathyridinm  pin^uicala  ■ 
Ttwdar^  «aal  Jt  ta>arnai  TtwOer,  the  latter  uccorring  in 
tlMit^iia((MbMDw 

Tkit  m«r*  <4  lHMi$mmm  wmcrm^mmm  Budolphi  (Fig. 
IM^  dt<Cfib»J  mmif&t  Um  mama  at  Immchloridium,  is 
^^liMlriciMU  a^d  ataa^  imainMcia  a  oaaggot ;  its  strange 
kakilal  it  I)m»  lMi><alaa  of  a  aaail  {Smceimm). 

0(  tl»»  aaeoaid  aaWdar^  fVlyj^amnau  the  epeciea  have  two 
aMall  aalitiar  awi  om  or  sevml  fvisterior  suckers,  and  a  ■ 

pair  of  eyes.  They  ara 
mostly  external  para&ites^ 
like  tiia  leeches,  and  un- 
dciigo  no  metamorphosis. 
In  some  forms  the  body 
is  aegnented.  * 
K  type  of  this  suborder  I 

r«ia  Baer,  which  inhabits  , 
the  pericardial  caril^  of 
fresh-water  mnssels^  and 
also  is  an  ectopataalta  of  f^-sh-water  fishes,  DiphimH 
omsists  of  two  Tiiaaatodfg  very  intimat^L^ly  nnited  into  an 
X*formed  double  animal  In  the  young  stages  the  two  ani- 
mats  are  separate,  and  in  this  slutc  were  described  under  the 
ana  of  Ih'/forpn,  Diphsoon  parmhrum  Nordmann  lives  on 
gills  of  rmmcrous  frt-.^h-water  fishes.  Poh/Mtomtim  haa 
t  bfMly,  without  t^tickLTs  on  the  fore  end,  with  six  sue! 


ifMBlv^lea 
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«n  and  two  laige  median  Tentral  hooks  on  the  hinder  end. 
The  ripe  eggs  are  deposited  in  the  water  in  winter,  when 
the  ciliated  yonng,  with  four  eyes  and  without  sacken,  find 
their  way  into  the  gill-carities  of  tadpoles,  whence,  daring 
or  after  metamorphosis,  they  pass  into  the  urinary  bkdder 
of  young  frogs ;  P.  iniegerritnum  Budolphi  liyes  in  that 
of  Hana  imnporaria  (Glaus'  Zoologie). 

A  case  of  budding  or  parthenogenesis  is  said  to  occur  in 
the  genus  Oyrodadylus.  This  is  a  yery  small  Trematode 
with  a  large  terminal  disk,  bearing  a  ])eripheral  set  of  pow- 
erful hooks,  with  two  long  curved  median  spines.  The 
body  of  the  hermaphrodite  worm  shelters  a  daughter,  a 
granddaughter,  and  great-granddaughter  generation.  0.  ele- 
gans  Nordmann  lires  on  the  gills  of  Gyprinoid  and  other 
fresh- water  fishes.  Dactyhgyrus  lays  eggs,  not  being  par- 
thenogenetic ;  it  has  four  head-flaps.  D.  amphibothrium 
Wagener  lives  on  the  gills  of  the  stone-perch;  D.fallax 
Wagener  on  Cyprinus  rutilus. 

Order  3.  Cestodes. — ^The  common  tape- worm  is  the  type 
of  this  order.  Specimens  may  be  procured  from  physicians, 
and  a  careful  examination  of  cross-sections  and  ordinary 
dissections  will  convince  the  student  that  the  tape-worm  has 
no  month,  although  a  head  armed  with  suckers  or  hooks. 
The  body  is  divided  into  an  enormous  number  of  segments 
or  proglottids,  but  there  is  no  digestive  canal,  the  worm 
living  immersed  in  the  contents  of  the  intestines  of  its  host ; 
its  food  being  absorbed  from  the  juices  of  its  host  through 
the  walls  of  the  body. 

The  tepe-worms  and  their  allies  are  not  known  with  cer- 
teinty  to  have  any  trace  of  a  nervous  system.  The  water- 
vascular  system  is^  well  deyeloped  in  the  Cestodes,  where  it 
seems  to  be  excretory  in  its  functions,  as  in  the  Trematodes. 
There  are  usually  four,  sometimes  only  two,  longitudinal 
canals,  which  are  connected  in  the  head  and  in  each  segment 
with  transverse  anastomosing  branches, while  from  these  main 
canals  a  network  of  fine  vessels  branch  out.  Granules  and 
whitish  chalky  deposits  occur  in  the  canals,  and  these  con- 
cretions, like  similar  bodies  in  the  excretory  canals  of  Tre- 
matodes, seem  to  have,  Leuckart  claims,  a  relation  like  that 
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o£  the  crystals  of  oxalute  of  lime  in  the  urinary  tubes  of 
many  insects  and  the  concretions  of  phosphate  of  lime  in 
the  organ  of  Bojanus  of  Lamellibmnch  molltisks.*  The 
canals  terminate  in  a  small  pulsating  vesicle  and  pore,  as  in 
the  Ti'ematodes. 

The  Cestodes  are  hermaphroditic,  and  each  of  the  body- 
segments  except  those  nearest  the  head  contains  male  and 

I  female  reproductive  organs*     The  male  piirts  consist^  as  in 

^the  Trematodes,  of  testes^  va»a  tkferentia^  and  a  muscular 
I  with  a  cirrus  or  intromittent  organ,  which  may  penetnite 
the  vagina  of  the  same  segment.  The  female  organs  consist 
of  an  ovary  (germigene),  yolk-stock  (vitellugone),  uterus  or 
matrix,  rectptaculum  srminisi,  and  vagina,  the  latter  ojK?ning 
by  a  pore  sitnated  in   Twnia  (Fig.  107)  on  the  side,  or  in 

I  BMriocephalus  on  the  ventral  surface    of    the    segment. 

^  There  is  a  great  deal  of  variation  in  the  reproductive  organs 
of  the  tape- worms;  a  general  idea  of  the  relations  of  parts 
may  bo  obtained  by  reference  to  Figs,  107  and  109.  The 
ovary  forms  the  most  important  part.     It  is  much  dcvel* 

[oped  and  very  complicated  in  structure.     As  Gegeubaur 

,  states  :  **  The  preservation  of  the  species  is  her©  subject  to 
innumerable  ditticulties,  owing  to  the  animal  living  in  dif- 
ferent hosts  at  different  stages  of  development,  and  to  the 
wanderings  which  this  mode  of  life  entails  ;  conserpiently  a 
lurge  number  of  ova  have  to  l>o  prod  need,  and   the   cer- 

'  Uinty  of  fecundation  insured/*  (Elements  of  Comparative 
Anatomy,  second  edition*  English  translation.)  The 
mule  organs  and  products  are  first  developed,  and  the 
recephirnlum  si* minis  stored  with  spermatic  cells  before  the 
eggs  fully  develop  in  the  ovary,  and  all  these  part^  develop 
earliest  in  the  terminal  segments  of  the  body  destined  to 
form  the  pmfhttiihf<. 

Development  begins  very  probably,  as  in  the  Tremafodes^ 

♦  This  19  Lcuckart's  opinion.    Sommer  aod  Laodob  claim  that  tbese 

bodies  nre  Miuten-d  tlinnis^U  the  subsinnrc  of  the  bcnly,  and  flo  not 

•*ir  ia  wul<T-ve>uit*lH,    Huxley  endor^*;*  this  view.  B»U  if  ihL\st*  liwliea 

ncrt'lioos  ami  tbt?  wntiT-vcssels  a.vc  mainly  exerelory»  as  Ihuy  ror* 

apiH^ar  to  luf,  wc  shoiiUi  juti>fi^  tliat  IiCiickart*s  view  was  tliw  beU 

undecL 


ingtoUiai 
tibe    central 
im  IIm  gmtirmim  of  other  wor 
ag  [wtJKJit  fai  after  life)  fomu  1 
pOB  of  books  arise.     Tluree  stme* 
MUcUd  araod  tiio  anbnro^  which 
hijm  of  Bolhriootflialai  i§  proTided 
whkk  eamaporndB  to  ihe  fini 
of  tho  efftlmro  Tntio,  whkitt  oo 


Tbe  ii^totjof  ikt  knooii  tspe-vonOf  TWniii  jolf«oi 
m.  ii  »  Mk«o  i  tho  cgip  eotm  bjr  Ibe  luig  aio 
u  jfei  Mf  uite  tbt  brfal  tapevona  (acolex)«  caltexl  ia  Ibir 

{Fig.  W ;  Fig.  loe,  bead  eo- 
tli  iadeois  is  fociaed^  and  Iha 
;  Ham  Cjw6otrd  then  baiy  thooi- 
wthim  fa  Iho  B««r  ortbi  iodi  of  potfc,  and  ar«  tramferrtd 
liTing  ia  anooofcid  foA  to  Iko  aiiiaflatarT  canal  of  maft. 
T1ioliod|T  Mm  flo^iitaiaadBovjoiiiteari^*  behind  tbelieal 
untS  the  faroi  of  Hie  tapovora  it  attained,  ••  in  Fig.  lOSL 

The  hinder  joiafti  dien  berome  filled  with  eggs  and  break 
off»  honomi^  tado|ioBdoat  tooidi  oonparable  with  the 
**  paitiitHUifaea  **  of  tko  Ce9i;ariae»  oioepi  that  thej  are  not 
ooatained  tm  Ibe  body  of  Ibo  l^mia  (as  in  the  Oeicaria).  but 
aio  ael  fkm  tko  iadqioadoal  joint  (Figs.  IM,  107)  it 
caUeda^imgloittisL"  It  eoeapea  frcmi  the  alimentaiy  trael 
of  ite  hamaa  hoot,  and  the  eggt  eel  free,  in  and  abnat 
privies,  aio  swallowed  br  that  andean  aniraal*  tlie  pig,  and 
the  rvck  of  generatioaa  bei^ins  anew.  We  thus  bate  the 
following  series  of  ebangee,  whieh  mar  be  compared  with 
the  homologocia  series  in  the  flukes  : 

%  Moruhi. 

Donblo- walled  sao  (gastmla  ?). 

Proaeolex,  free  embrro  with  hooks,  sorroonded  bj  a 
blastodermic  skin. 
5*  Scolex  (Cystioercus,  Urra)*    Body  few^jointod. 
IL  Strobila  (Ti^nia)*     Body  many-jointed. 
7.  Proglottid  (ifcduH), 


ISJtmrES  CAUSED  BY  TAPeWOliMS. 

The  common  human  tape- worm,  Twnia  solium  Linn., 
TEries  from  ten  to  thirty  fuet  in  length  ;  there  are  upward 
of  eight  hundred  joints  in  a  worm  ten  feet  long.  The  head 
ends  in  a  roetellum  or  proboscis  armed  with  a  double  crown 
of  books  ;  the  first  proglottis  or  sexually  mutnrc  segment 
begins  at  the  45Dth.  While  in  some  persons  the  presence 
of  a  tape- worm  is  simply  an  annoyance,  in  nervous  and  irri- 
table persons  it  causes  restlessness,  undue  anxiety,  and^vari- 
0118  dyspeptic  symptoms.  In  rare  eases  (over  a  liundred  are 
known)  death  has  resulted  from  the  fn-esence  of  the  Cyst i re r- 


or    hkrval 


dUufgcd.  f'tiowkin^'  il»c  >ut-kiTi*  {S)  taul  circle  of  hook^. 

I  the  hrain,  *'  Cysticerci  may  develop  themselves  in 
it  any  situation  in  the  human  body,  but  they  occur 
_,,_  frequently  in  the  subcutaneous,  areolar,  and  intermus- 
cular connective  tissue  ;  next*  most  commotily  in  the  brain 
and  eye  ;  and,  lastly,  in  the  substance  of  the  heart  and  other 
viscera  of  the  trunk  *'  (Cobbold).  Among  the  preventive  rem- 
edies against  tape*worms  is  the  disu^o  of  raw  or  underdone 
pork,  and  **  meiisly*'  pork — i,e.^  the  flesh  of  swine  contain- 
ing the  little  bladder-like  vesicles.  Cysticerci,  or  larval  tape- 
worms, can  be  readily  distinguished,  but  when  thoroughly 
l^nooked  are  harmless,  as  the  temperature  of   boiling  water  ia 
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fiiifficient  to  kill  the  Cystirerci.     Butchers  especiallj  i 
from  tttpe-worme,  from  thoir  hiibit  of  eating  bii5  of 
meatj  beef  and  veal  harboring  Cystieerci^  which  transfo 
into  gpeeies  of  Tmnia  nearly  a«  injurious  as  Tmnia  9i^Un 

As  a  mutter  of  caiirse,  in  the  use  of  drugs  to  exj^l  a  tajl 
worm,  they  should  be  pushed  60  as  to  carry  off  the  ent 
animal,  as  new  segments  grow  out  from  near  the  he«d 
rapidly  as  the  proglottides  are  detached- 

The  Cysticercus  of  another  injurious  tape- worm  lives  i 
the  muscles  and  internal  organs  of  cattle.    This  is  the  Tipn 

mediocaneUata  of  Kucho 
meister,  which  is  larj 
with  a  larger  darker  hboui 
larger  suckers,  and  with- 
out a  rostrellum  or  hooH 
By  far  the  most  injurious 
6i>ei'ies  is  Tmnia  echinococ- 
cus  Siebold  (Fig,  108, 
more  frequently  causing 
death  than  any  other  en- 
tozoon.  In  its  adult  or 
atmhila  state  this  worn^ 
only  infests  the  dog 
wolf,  but  its  larva, 
hydatid  of  physicians,  fi*e- 
quently  occurs  in  the  hi 
man  body.  It  is  ve] 
small,  seldom  exceeding 
six  millimetres  in  lengthy 
there  being  but  four 
segments,  including  t 
Fir  w.^Prod^ii  o*  TUeHiim.  o,  te^ti- :  head,  which  has  a  poin 

^      •  oriflcf  of  dmig;  li.  rmiinx  „,^^,f„ii„m     wWk    n   #1/iiiK1a 

.  vttgm<i ; /,  •«xuiii  dotttji.-  rufeteJium»  wiin  a  aouoie 
crown  of  large-roo 
hooks  ;  there  are  four  suckers  present,  and  the  last  aegraen' 
when  sexually  mature,  is  as  long  as  the  anterior  ones  taken 
together.  Tho  hydatid  (proscoUx)  forms  large  proliferous 
vesicles,  in  which  the  scolices  (Echinococcua  heads)  are  de- 
veloped by  budding  internally*     Abaut  6ve  thousand  ej 


1^.  fpvnii  Oiut 
After  Bt'ut'tieu* 
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developed  in  a  aingle  segment  (proghttU).     The  six- 

aked  embryos  develop,  are   expelled  from  tbe  dog,  and 

their  way  m  drinking-water  or  in  food  into  the  Imniun 

titetines,  whence  they  hore  into  the  liver,  their  favorite 

ibitat,   or  arc  carried  along  the  blood-vessels  into  some 

tier  organ,  where  they  develop  into  bladder-like  bodies 

acephiilocysta  or  hydatids.  In  ita 
rlieet  etages  the  hydatid  is  spherical  and 
>Qnded  by  a  capsule  of  condensed  con- 
ivo  tissue  of  its  host.  By  the  fourth 
ak  the  young  T,  echinococcus  is  one  half 
miUimetre  (one-fiftieth  inrdi)  in  length, 
it  is  probably  many  months  before  the 
chinococci  heads  are  entirely  developed. 
lien  this  stage  is  reached  the  tape- worms 
come  sexually  mature  in  from  geven  to 
nine  weeks  after,  when  the  milk-wliite 
rorms  may  usually  be  foimd  embedded  in 
lie  mucus  of  the  duodenum  and  upper 
^rt  of  the  small  intestines,  with  their 
Is  attached  to  the  villous  surface  of 
be  intestine.  The  hydatids  or  cysts  in 
i^bieh  the  Echinococci  develop  are  of 
liree  kinds — vix,,  exogenous,  endogenous, 
ad  multilociiiar*  and  lie  embedded  in  tlie 
[?ncbym  of  the  liver,  etc.^  and  are  tilled 
bith  a  clear  amber-colored  fluid.  Tlie 
Bliinococcus  heads,  tirfit  on  the  inner  sur- 
of  the  cyst  and  in  the  interior  of  the 
cliinococcus-head  (brood -capsule),  devel- 
a  second  brood  of  scolice.s*  contained 
a  secondary  cyst.  Finally,  a  tertiary  echtf,ococcu4~—  Afu-r 
t,  containing  tertiary  or  granddaughter 
iilices,  arises.  Sometimes  the  secondary  hydatids  will  de- 
plop  scolices  and  granddaughter  vesicles  before  the  original 
litemal  hydatid  has  acquired  Echinococcua  heads  (Cob- 
aid). 

The  largest  human  tape-worm  is  Bothriocephalus  laiui 
er  (Fig.  109), 
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This  worm  is  extremely  rare  in  America,  bnt  is  common  in 
WeBtorn  Switzerland  and  Centnkl  Europe,  and  in  the  north- 
western  and  northern  ijrovinces  of  Kussia,  Sweden,  and| 
Poland.  It  is  yometimea  twenty-iive  feet  long,  and  nearly 
an  ineli  broad,  with  40U0  joints.  The  club-shaped  head  is 
unarmed,  luid  the  first  sexually  mature  segment  is  about 


r>; 
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Ffc.  100.— Mall*  rppmdiictlvi0  CM-gane,  with  pftiiflof  (he  fcmnk?  of  BtXhrioetj^ntH* 
latu*,    /,  t*>tlculiir  ffjlMt'K'M,  only  n  piirt  urc  npn'MMili'd  ;  *<?,  rlidr  cxcn'tofy  fliict#; 


gl,  t*\\v\\')i\m\i\  ;  f,  water- vascular  trtiulu  ;  t»  vjigiriAi  cau]iL-<.lfl«r  I 
Mid  6cniiiiic;r  ;  from  C*ogoiil«mr. 

the  000th  from  the  head.  Leuckart  haa  suggested  that 
the  yoang  of  this  tape-worm  originate  in  salmon  luid 
trout. 

The  slieep-liydatid  is  the  larva  of  Tmnia  cwnurus  (Pig«* 
110  and  111),  the  udult  infesting  the  dog.  The  presence  of 
one  or  several  of  the  hydatids  in  the  brain  of  the  sheej)  pro- 
duces the  **  staggers  **  or  vertigo.  The  vesicle  varies  in  size 
from  a  pea  to  a  ]»igeon's  egg.  It  is  bladder-like*  tilled  with 
a  clear  pale  yellow  albuminous  secretion,  with  a  great  num- 
ber of  retraetile  papilUe  (D,  g)^  which  are  the  t4ipe-worm  heads 
connected  by  narrow  stalks  to  the  common  vesicIeB  support- 
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ing  the  colony,  Thia  hydatid  also  infeata  cattle,  the  horse, 
goat,  Tarious  species  of  antelope  and  deer,  the  dromedary, 
Mid,  it  is  said,  the  rabbit.  "In  the  sheep  the  disease  is  rec- 
ognized at  first  by  a  heavy,  stupid,  wandering  gait,  which 


1 110.— ji  bmin  of  n  fllMyp  vrlilch  ehree  wwrks  pnrrloii^  hail  pwnllnwe^  pome  e?r?i 
,  eomurm.  and  whkh  wfl«  WFIod  aftor  havitiar  ^Ikmvti  n\\  Wm  KVTuptom*  of  "  sta?- 
^_    "     B  h,  iHnl&tecl  ^llery  formed  hy  tht'  "inrfii  n<  \hv  ynrinri^  of  th<'  brnln,  the  i!?c6- 
lex  bfing  foiirjd  at  the  t'ud  of  thf  ?*i!N'Tt  .     /?  f-  v(  nirlc  (tJirr-i'uJfxi  l»t'fnn'  tli<*  birth  of 
"      •coles.     Bd^  vonicle  ii^  i  '     '  ivill  tippar,     r*.  veiiScles  which  hnv* 

~  iOQue MoUoei,   />.  tl»  tntAinlDgijrir^,  tho  t^cnmhiry  ve«klor«. 

flf  T,€f9mfr^M,  <^r>rT  tomlary  reskle  £>  tj,  mid  very  miirh 

ntC    '    -  ^  '         '     '    •  u  a  The  bend  of  the  wnrni  will  Is^iif  iMU  j 

b,^\^  >* ;  r,  boolu  ;  d,  Ihe  tuckers  ;  e,  the  neck  ; 


freqnently    succeeded    by  irregular,  tortuous,  whirling 
movements  of  the  body,  accompanied  with  convulsions  (CoV 


Id). 


The  simplest  fonn   in   the   order  is  Caryojjhi/UwuSy  in 
which  the  bodv  h  not  jointed  in  the  adult,  thougli  \t  \%  %o 
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tlierr  are  no  suckers  or  hooks  ;  while 
aot  of  mmle  and  female  reprodnctiro 
ift  tlie  posterior  end  of  the  body,  which  can 
be  detached  from  the  ante- 
rior part  of  the  body,  form- 
ing  a    proglottis.     In    fact, 
thia    form    is   a   connect  ing 
Unk  between  the  Tremaiofia 
and  (kstodes,    CaryophijUm 
mmiaUh's  Rudolph  t   lives 
line   intestines   of   Cyprinoid 
i ;  Am  S^mmg  in  a  wona^  Tuhifex  rivtttorum. 
nhmrfkmAwf$  h  prDTided  with  four  very  long  slender 
I  pnieeflflea  or  beaks.     The  young  live 
m  baaTlMMi^  the  adults  oceurring  in  the  intestines 
otsliarksaad  mTs; 
Im  Lijmh  tte  body  is  ribbon-diaped,  not  jointed,  with  a 
\  ttt  ieXMl  oifans,  aad  there  are  no  suckers,  and  some- 
JL  jtfl^immaui  Rud.  live-s  in  fished  and 
,  wmA  attaiii  naluritT  in  the  intestines  of  water- 
vkiek  fiid  on  Ibo  former  animals.     This  genna  con- 
0M  mmfkHi  lif^-voniis  with   Bothrioctphalus  and 


(la 
»id 
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thi 

L    (fW  d%Mii«i  am^i*  >aifn%  muilHifr  1^  <Atf  CMadM.)    Strtaut 
I  wf  wiHiwI  if  a  rf»ail>  eyiafj^  fnwyfay  ofatiil  im  ike  dwtod^  A 

OmHmd^t^n^Jdiaitd  Ay#  «  fmmi^iMt  ami  wH^Bepene ;  offen  pnr- 
,  mftmmpamM  kgttnkitatkm  im  Or  iap^warms.     When  tOter* 


4 


k*al 


I  ^ftmtmtiomt  petun  bghitMuig^  ikg  temal  ammaU  are  umikd  w&k 
•  mmtw  Pt  a  mim^ftrm  ial0  a  pulgmarphit  eohng, 

lQr4erh  iWiMZiiHGi.— 'Flattened  oinnte  worms,  with  a  nervous  gan* 
gUoa  fa  the  head ;  usiiaUjr  eyn^spccks  ;  body  exteniaUy  cUt- 
ated.  wiltt  a  tnuch-brancbed  diji^livi*  eaoal.  Nettliog 
orsaoa  often  present.    Unisexual*  rarely  biseznal ;  alrobi- 
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liUioiL  Ywj  nune  ;  a  metamoiphotte  in  the  Dmirocoia^  the 
laira  being  a  trochoRphere.  Suborder  1.  Bhabdoeoia  (Mo- 
nocelis,  Catenula,  Meaostomum).  Suborder  2.  Dendroada 
(Planaria^  Dendnxxelum,  Geoplana,  and  Bipalinm). 

Order  2,  2Vematoda.^TJ8uaSly  flat,  oval,  rarely  cylindrical,  not  seg- 
mented, parasitic  worms,  with  a  mouth,  forked  intestine, 
no  anus ;  a  large  sucker  near  the  middle  of  the  body,  or 
several  smaller  ones ;  either  with  a  metamorphosis  (Dis- 
tomen),  tlie  larva  living  in  mollusks,  etc.,  the  adult  in  ver- 
telHUtes ;  or  with  direct  development  (PidjfwUniutB).  Bub- 
order  1.  Didomea  (Monostomum,  Amphilina,  Distomum, 
Amphistomum).  Suborder  2.  Polystamem  (Aspidogaster, 
Diplozoon,  Polystomum,  Gyrodactylus). 

Order  8.  CS»to2M.— Parasitic,  usually  ribbon-like  worms,  without  any 
mouth,  digestive  canal,  or  nervous  system ;  with  an  (ex- 
cretory) water-vascular  system  ;  hermaphrodite,  the  Joints 
(proglottis)  numerous  and  containing  male  and  female  re- 
productive organs ;  the  eggs  minute  and  very  numerous. 
The  mature  worm  is  many -jointed,  the  joints  budding  out 
from  near  the  head  ;  in  this  form  it  is  called  a  utrobHa  ; 
the  terminal  joints  fall  off.  becoming  independent  (proghUis). 
The  e^gs  after  fertilization  pass  through  a  morula  and 
gastrula  stage,  a  circle  of  hooks  and  suckers  developing  on 
the  head  (Caryophyllaeus,  Tetrarhynchus,  Ligula,  Both- 
riocephalus,  Tsnia). 

Laboratory  Work.— The  flat  worms  have  been  most  successfully 
studied  by  fine  injections,  especially  by  slicing  hardened  sections, 
which  should  be  stained  with  carmine,  and  mounted  for  the  micro- 
scope. 


Class  II. — Nematelminthes  {Round,  Thread-worms). 

General  Charaotera  of  Thread-worms. — Tliese  worms  are 
either  free  or  parasitic ;  examples  of  the  former  exist  in 
abundance  under  stones,  etc.,  between  tide-marks,  lying 
in  coils;  small,  almost  minute  species  occurring  in  fresh 
water  and  in  damp  earth,  while  the  parasitic  species,  which 
are  the  mo*^t  numerous,  live  free  in  the  alimentary  canal  or 
imbe<lded  in  the  flesh  of  their  hosts,  especially  fishes  and 
mammals.     The  species  are  remarkably  persistent  in  form, 
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the  specific  and  generic?  differences  l>eing  very  slight.  They 
hiive  11  mouth  iind  digestive  canal  (except  in  Echtfiorhynchus)^ 
the  integument  being  liard,  chitinons,  and  not  segmented 
(except  in  iMwio^cohXy  which  approaches  in  this  respect  the 
annelids),  and  usually  smooth,  except  in  EchinodereH,  which 
it^  variously  armed  with  hair*! ike  spines.  Each  end  of  the 
hody  is  ranch  alike,  the  mouth  situated  at  the  anterior  end, 
and  the  anal  opening  at  or  near  the  conical  Up  of  the  l>ody. 
There  are  two  lung  vessels  wlitch  extend  from  a  single  cuUi- 
mon  pore  situated  on  tlie  median  line  of  the  under  side  of  the 
body,  a  i<hort  distance  from  the  head  ;  these  are  sup}x)sed  t^ 
be  excretory  vessels.  In  A»mris  and  Oxtfuris  a  nervous  ring 
surrounds  the  oesophagus,  from  which  two  nervous  threads, 
one  dorsal  the  other  ventral,  pass  to  tlieendof  the  body,  and 
there  are  six  other  smaller  longitudinal  nerves.  The  gangli- 
ouic  cells  lie  near  the  nervous  ring,  forming  a  sulniigopha- 
geal,  supraaisophageal  and  lateral  gjinglion,  and  there  is  also 
a  caudal  ganglion.  In  some  free-living  Nematodes  there  are 
eye-specks. 

The  Nematodes  are  nsnally  bisexual  j  Felodyles  ia  her- 
maphroditic, while  the  same  individual  of  Ascarts  ni^rovtnom 
at  tirst  pi>jdueessj>erm-cells  and  afterwards  eggs.  The  males 
diflfer  from  the  females  in  their  smaller  size  and  the  usually 
curved  end  of  the  body.  While  most  of  thes-^  worms  lay 
eggs,  6ome»  as  in  Trichina  spiralis^  bring  forth  their  young 
i  AliTe, 

The  mode  of  development  of  these  true  Nematode  worms 
{EfJiiuorhtffichriH  excepted)  so  far  as  known  is  quite  uniform^ 
growth  being  direct,  without  any  metamorphosis*  The 
germ  is  formed  in  thi^o  ways;  (1)  usually  ihe  egg  under- 
goes total  segmentation  ;  (2)  others,  as  in  Asvaris  thntala 
and  Oxifurii  ambitfua,  do  not  show  any  apparent  trace  of  seg- 
mentation, while  (3)  in  CHcullamns  elcgam  there  is  no  yolk, 
the  nucleus  absorbing  all  the  vitelline  matter,  which  is  lim- 
pid and  transparent.  The  germ  eonsists  of  a  single  series  or 
circle  of  cells  bent  on  itself,  somewhat  as  in  Fig.  1^0,  which 
represents  a  h'ttle  more  advanced  stage  in  Sagittit,  and  there 
are  a  few  ceils  representing  the  endoderm.  The  embryo 
rApidIv  as^^iimes  the  iuhilt  form  before  hatching, 


J 
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ler  1.  AasnthocrphnU. — Those  are  aberrant  Xematode 
(sometimc^s  referred  to  a  separate  chiss),  witlioufc  any 
nnuUi  i^T  digestive  truct,  but  yn\\i  an  extensible  spiny  beak, 
5\iwg  by  imbibition  of  the  Iluids  of  the  aJimentary  canal  of 
llhcir  host. 

The  tiiick  enbcnticnla  is  penetrated  by  a  netivork  of  ves- 

els»  whose  trunks  form  two  oval  bodies  of  unknown  use 

lied  rifwniVct*  which  luing  down  free  in  the  body-eavity. 

he  sexes  of  Erhium-hynrhuiK  aiT   distinct.     The  eggs  arc 

lually  srpindkvshaped.     The  embryo  devcloi^s  in  the  body 

[i>f  the  parent  worm,  and  isfitirrottnded  by  several  mcmbmncis, 

with  a  circle  of  hooks  an-anged  bilaterally  around  tlie  month. 

The  embryo  cuntairis  an  oval  mass  of  nuclei,  l>eing  the  ru- 


.  11$.— ^feWnoryrwJ&w,  head  rrtracteil  and  fn  the  Becond  fiin»re  extftided  ;  mag 
,    a,  OT»l  pore  ibtf,  protriicrilc  muscles ;  e  c,  Jcinnlscl.- After  Owtn. 

idiments  of  an  intestinal  cannh  Finally  it  passes  into 
ome  crustacean  or  insect,  in  wljose  body  it  l>ecomes  so  far 
Jevcloped,  that  when  its  host  is  swallowed  by  some  vertebrate, 
mch  aa  a  fish,  the  embryo  is  liberated  in  the  intestines  of  the 

cond  (rertebraie)  host  and  soon  attains  sexual  maturity, 
I  early  a  hundreil  k] secies  are  known. 

Echinorhync]tH»fnf}ag^  the  femidoo!  which  m  50f  centime- 
Ires  (20  inches)  in  lengthy  lives  in  the  small  intestine  of  the 
f>ig.  Its  eggs  pass  out,  becoming  suutterrd  on  the  gronnd, 
rhere  they  are  eaten  by  the  wliitcgrnb  or  larva  of  the  Ennv 

-an  eock(*hiifer.  Tlie  e^g-menibranes  burst  in  tin-  stomach 
^t  the  grub,  and  the  embryos  thus  lil>erated   iH'netr;it(\  l>y 
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I  miAiis  of  their  spines,  thnmgh  tlie  intestine  into  the  body- 
cairity  of  the  lanni,  whete  tiiey  become  encysted,  iin<l  the  latter 
beitig  in  the  beetle  ?tate  dcvoui-ecl  by  the  pig,  finii^h  their  de- 
Yelopment  in  the  intestines  of  the  bttcr  animal.  (Schneider. ) 
The  embrj'os  of  this  g|x»cies  ako  occnr  in  the  land-snuils,  and 
those  of  i?.  daviceps  have  been  found  in  fregh- water  snaiU 
{Limnma),  ^ onng  Echinorhtfnchi  occwrnngm  thecopeiKxl 
crustacean t  Ct^chps,  l>ecome  matnre  in  a  fish  {Gtidus  Ma), 
Lenekart  hxis  also  found  that  a  sexless  form  living  in  a  fre^h* 
water  cmstucean,  Gammanis  pulexy  becomes  developed  to 
soxnal  matiinty  in  the  perch,  Tvliich  feeds  on  the  enistaeean. 
They  attain  tho  mature  form,  though  the  eggs^  are  not  ripe, 
in  eight  or  ten^iTcks  after  the  Qggs  from  which  they  hatch  are 
laid,  and  look  like  ronnd  or  oval  yellowish  balls  from  one  to 
one  and  a  half  millimetres  in  length.  The  males  mature  in 
about  a  week  after  the  females. 

The  primary  host  of  EchinorJtffncJiUrfi  angnnlainif  h  the 
fresh-water  sow-bug  {A»ellns),  xlfter  the  eggs  find  their 
way  into  the  intestines  of  the  Amelias,  the  embryos,  on  hatch- 
ing, pass  thi>DUgh  the  walls  of  the  hinder  part  of  the  eliyle- 
etonuieh  of  the  Aselhis  into  the  body-cavity,  by  means  of 
the  embr}'onaI,  deciduous  neck  apparsvtus ;  and,  as  in  E, 
profeuSf  the  embryos  lie  between  the  diitinons  w^alls  of  the 
intestine  imd  the  mnscnlur  layer.  The  embryos  are  round- 
ed, more  or  less  spimlle-t?haped,  witli  aso^alled  rudimentjtry 
digestive  cavity  iiidie^ited  by  n  central  cii*cle  of  cells,  the 
cells  of  the  body-walls  l>eing  situated  in  a  parenchymatous  or 
pi*otoplasmic  ma^  (plasmcKlium),  being  thus  eomi^ju-able  to 
the  blastoderm  of  some  insects.  The  embryo  is  0»09-<),  I 
millimetres  long.  The  form  of  the  body  now  becomes  irreg- 
ularly oval  or  cylindrical,  being  quite  protean  in  shape,  with 
often  a  projection  on  one  side  of  the  end  of  the  hotly,  Tho 
Echinorlivnchus  form  then  begins  to  apjiear,  tho  metamor- 
phosis being  very  marked.  The  first  step  is  the  moulting  t*f 
the  embryo  or  larva,  which  loses  its  spines.  After  a  few 
weeks  the  Echinorhynehus  form  is  attained*  the  bo<ly  Wing 
elongat€*d,  and  witii  the  reproductive  organs  developHl,  but 
with  no  hook-apparatus.  It  is  now  7  to  8  milUmetres  in 
lengthy  liud  almost  aa  long  as  its  host,  the  Asellns  ;  the  males 
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Bing  smaller  and  shortc^r  than  the  females.     With  the  ex- 
option  of  the  skin  and  leninisci,  all  the  parts  of  the  adult 
worm,  the  iierroua  and  reproductive  systems  as  well  as  the 
beak^  originate  in  the  primitive 
rudimentary    digestive     cavity^ 
ippearing  as  rounded  Dui4«st*6  of 
bHs  of  like  size,  but  dilTering  in 
icture    hifitologically.      With 
lio   growth  of  the  beak  begins 
be  development  of  the  repro* 
active  apparatus,  and  tlie  hooka 
simply  modified  cells,  with 
the  oater  surface  chitinized. 
Order  2.  Kemn fades, — The  first 
iborder  of  this  group,  eompoiS- 
ing  the  tme  round  worms,  is  re- 
presented by  Ascarift^   OxyurUy 
Trichina^     etc.       The     human 
[>nnd    worm,    Ascarin    iumbri- 
nden    Linn.    (Fig.    113),   is  re- 
irkable  for  its  large  size,  and 
ay  he  recognized  by  its  milk- 
rhite  color,  as  well   as   by   the 
Innpe  papilla  around  the  mouth, 
inhitbits  the  intestiucH,  fionie- 
nes  the  stomivch  and  cDsopha- 
is»  and  has  h>een  known  to  \^r- 
[>r»t«  the  walls  of  the  intestine. 
gpecies  of  Ascarig  are  very 
imerons,    infesting   mammals, 
id  especially  fish,  often  occur- 
encysted  in  the  flesh  of  the 
and   other  edible   suit  and      TigAxt^^AtcaruiwnbHcoifU*,  ^ 

\^  A         ti  \.      L.    L  fem«Je,fianiraJ?"l»e.   ft,  lifid-enden- 

L'Sn   water   nsn,  but  are  as  a   itrj?«d:  c,  the Mm^rrom  view iho**- 

,1^  L^**«^l^r>^  A„.^^:^   .>.»«/,*«  ^"*i  ^^^  mouth   In  the  centre,  erir- 

lle  harmless,       A^'ans    mtjHfIX  rmmdccl  by  Uirw  folila .   ^i,  thi- mnle. 

KrMz  in     *hA      inh^«Hn«fl    €\f      tliP  nattiral  mxi' ;  «,  the  nnS  of  the  body, 

|Ve8  in     me     inUSlineS    OI      lue  gr^j^tly  «ulwged.-AfUTB«neden. 

The  common  pin-worm  lives  iu  the  rectum  of  children. 
It  is  the  Oxt/nria  vermicularis  Linn.  (Figs,  114,  U5).     The 
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female  is  white  and  from  eight  to  ten  millimetres  in  leagtb^j 
the  ntalo  is  only  two  or  three  millimetres  long- 

The  largest  known  ronnd  wonn  is  the  palisade  worm,  or 
Eti^tTonfjyhis  gigas  Rudolphi^   the  female  ol  which  13 
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i-if.  nr.  miil*\  nut- 
iittkl  »Uu  :  />.  rli« 
idtikeifllftrired  — 
Af  Lcr  Heaedea. 


Fie.  tUL^Orvftri* 

tHKle,  riarnriil  n[r,o  *  d, 
the  «amit»  eiilari^'d.— 
After  Hfnetlon. 


p<?r  rt,  male,  ii»mnil  *t«e ;  b. 
cnUriiod ;  ^,  fvnuiJA,  nAttuil 
^Ibc.— After  Beniilea. 


metre  (uliont  3n  irinhos)  in  length,  and  the  sixe  of  a  quill; 
the  malo  is  one  third  a«  long.  It  is  rare  in  man,  and  occurs 
i*i*|ieoially  itj  the  intestines,  nnd  sometimes  the  kidneys  of 
KUch  mammals  m  live  on  Osh,     I'he  month  is  stirrounded 
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by  frix  tubercles.  Eustrongylus  papiUosus  Diesing,  accord- 
ing to  AVvmun,  lives  coiled  up  in  the  brain  of  the  ankingay 
or  snake-bird  of  Florida.  E,  btUeoiiis  Packard  Wiis  found 
living  under  tbc  eyes  of  Buieo  Swuinsoni,  and  E.  chordeilis 
Packard  in  tbe  brain  of  the  night-hawk.  Dochmius  duodena 
aius  Dubini  lives  in  the  small  intestine  of  man. 

Ti'ichocephalus  diapar  fiudolphi  (Fig.  110)  lives  in  the 
CQ»cnni  of  man,  with  the  smaller  anterior  part  of  the  body 
buried  in  the  mucous  membrane. 

Tlie  most  fonnidable  roujid  worm  is  the  Trichina  spiralis 
Owen  (Fig.  117).  The  body  is  i*egularly 
eylintlrical,  tapering  gi-adually  from  the 
]¥)»tt'rior  end  to  the  head.  The  end  of  the 
tjixly  of  tlie  male  is  without  a  spieulum,  but 
with  two  conical  terminal  tubercles.  It  is 
1.5  millimetres  long.  The  female  is  3  mii- 
limetix^s  in  length. 

Viviparous  females  begin  about  eight  days 
after  entering  the  intestine  of  their  host  to 
give  birth  to  the  larvfe,  whieJi  Inirc  through 
the  walls  of  the  intestines  of  their  host, 
passing  into  the  IxKly-cavity,  and  partly  in- 
to the  connective  tissue,  and  also,  by  means 
of  the  circulation,  into  the  muscles.  In 
about  fouiteen  days  the  worm  coils  up 
spirally  in  a  cyst  (Fig.  117),  which  eventu- 
ally becomes  calcareous  and  whitish.  When  encysted 'in  human 
the  flesh  of  the  pig,  infcstc»d  by  the  encystal  mSed!^-AiIi;?''Lt.nciil 
Itorvas,  is  eaten  by  man,  the  young  worms  ^^ 
are  set  free  in  the  stomach  of  their  new  host,  and  in  three 
or  four  days  become  sexually  mature.  The  female  Trichina 
18  ca[mble  of  producing  a  thousand  young.  The  original 
host  of  the  Trichina  is  the  rat ;  dead  rats  ai*e  often  de- 
voured by  pigs,  and  the  use  of  raw  or  partially  cooked  ix)rk 
as  food  is  tlie  means  of  infection  in  man. 

Another  worm,  occasionally  parasitic  in  sailors  and  resi- 
dents of  the  East  Indies,  is  the  Filaria  mediiiensis  Gmelin, 
or  Guinea-worm.  It  is  remai-kably  long  and  slender,  some- 
times over  two  fc»et  in  length.      The  female  is  viviiJarous, 
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viute  the  ado  is  anknowu,  Tlie  irorm  lircs  in  the  coii- 
oeclii^  timm  udar  tlie  tkin^  especiallj  of  the  extremities. 
Ai  Ibe  body  of  Ukb  fenuile  is  full  of  young,  the  waim  has  to 
to  catifltty  aiMl  dovlj  extricatal,  £o  as  not  to  be  broken  iind 
to  be  ficttttered  auder  the  skiu  of  the  ho^ 
{Urolaies paluatruf)  fix^quent  iu 
Ihe  iwiMMliijpe  fonn  of  the  Guiiiai-wonu. 
It  kahnbelieffd  tbil  ttefmbrros  enter  the  bodies  of  wtiter* 
tgm  (Cttiopi^  eie.)»  and  there  moult,  and  time  coubec|ueDtly 
tbqr  ^tmj  be  inUfidfloed  into  the  body  bj  drinkiiig  standiiig 
uMir ;  bill  Ibis  has  moi  been  pfoved.  Other  ^pix'ieii  li  ve  in  the 
yirilWfctmn  of  Ifae  borse  mod  rnpts^  and  an  iwtnuture  species 
(JWiiria  kmiit}  has  been  foond  in  the  lens  of  the  hutnaii 
iiiA#4a«ifiii«  is  a  worm  of  micnjecopic 
liTiiig  in  Ibo  Uood  cf  tbo  mosquito  in  Indiu  and 
tl  it  md  thai  the  tggi  ai«  svallowed  iu  the  water 
ai^  baldied  in  his  inteetiiMs^  and  ob^trtict 
sioi^  il  ia  datiii«d>  ii-arioui? 
«l  »lf|dMUitoid  diiMia,  |»riiqi6  w&a  kproay*  The 
mMiailo  sucks  ap  tbo  forasite  in  tba  blood  of  leprous  jm- 
Hm  cfp  in  tbo  pools  it  fn^iuents.  Fihria 
in  tbo  Uood  of  the  fostas  of  a  do^ 
fUkd  with  ibeai.  Yat^  of  wheitit  ure 
oIlM  MbaNd  by  a  niaolo  Xemanode  (  T)fl^tKhns  fcaushns 

Schndder*  AmguU" 

hUm  tn'tifi  of  Xeod- 

bam.    Fig.    118), 

OthrrsfiociosUrc  in 

lowefs^  moist  eaitb, 

decaying 

A9^U' 

lals    mcM    Ebren* 

befg  is  (h>m  one  to 

two  millimotres  in 

Iragth,  and  Utos  in 

vmegwr. 

•«■      TbegmnsCtela- 

jooM  livoa  frea  in 

bMl  beset  widi  fine  bair& 
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The  second  suborder,  OnriHarea  or  hair- worms,  differ  in 
their  mode  of  deve iopment  from  the  true  Nenmtode  worms, 
tlie  embryo  of  Gorditis  beiug  arnied  with  oval  apmes,  thus 


9%.flBL—  ytaflcm.    A,  e?rir  t  B,  e^  nndeTgoine  ecRni^iitatloii  of  the 

f<pk|  Cv^ru  la>  with  Che  primitive  Hoiiuicli.au  iufoLU  of  ihu  owivT  f^t^t' 

MHmI  myicr  toderm);  D.  embryo  fanhir  advRrictHl  ;   E,  Jurvn,  wirh  the 

tbrtv  ciirks  of  »i»aMr^  retnuted  witluii  tlie  ofo^»|jiigu»:  F»  lllic?  fame  stage  greuljy 
OktsfXK^  to  ahow  tlic  internal  orpuut ;  c,  miiltUp  circle  at  fplnei^  Ltje  licad  bcTni^ 
remcltfd;  m,  tnuiicular  layei  (!Ji  ^  beak  «»r  probnt^Lia;  i,  iuK^tiite  ;  s.  r,  fniibryouul 
cctta ; /,  cxcrelory  tut>c  leadixiis  from  r/,  the  ^ocrtiory  ^laatl^;  if^  ii.'»i:iyhDgii»;  ' .  rvc* 
ttua;  «•  mawf,  O,  liic  secuiid  Iftrva*  tiw:y«te<l  m  a  rti-h-jufti t  VjIU>1),  H,  UorHkm 
wmMf,  end  of  tiody  of  male,  oiiicU  •  itlarj^ocL  I«  GordUm  iiquatlcan^  ciut  uF  b'Hlj 
ol  RWle.  mocb  eiil«rg«fl.  K,  Ooniius  aquuiicuM,  lutturAl  eLce.-^!],  1,  K,  diuwu  from 
aifiyrif  by  J.  d,  EiiigUcy.) 

reminding  us  in  this  resjiect  of  EtJiinorfiptchi,  but  the  em- 
bryos,   hirvaj  and   iklult  liuve  u  well-develuiwd  idinu'iitury 


The  hair-worms  belong  to  tlie  genera  Mermis  and  Gordlns, 
In  the  former  genus  thu  head  i^  beset  with  papilla?,  anJ  the 
end  of  the  body  of  the  mule  is  undivided,  while  the  ovidnct 
of  the  female  upeus  in  the  middle  of  the  body.  The  larva 
is  nuarmed  ttud  h^ia  ao  metamorphosis.  Mermi^  acuminata 
Leldy  is  pule  bn.nvn  and  jKaniaitic  iii  the  body  of  the  cuter- 
pillar  of  the  emldling  moth  ;  another  species  lives  hi  the 
iKxlies  of  gTJi8shop|)ei*s, 

Tlie  true  hair-worm.  GordhfS^  has  no  papilla?  on  the  Ijead, 
untl  the  tail  of  the  male  Is  forked,  while  the  ovidnet  of  the 
female  opt-ns  at  the  end  of  the  body.  The  following  account 
of  the  development  of  the  common  Gordins  aquatinuf  Liuu. 
which  is  u  jjarusite  of  the  locust  and  other  insects,  and  is 
common  to  Euroix?  and  this  country,  is  taken  from  Villot*8 
**  Monographic  dcs  Dragouneaux." 

The  eggs  (Fig«  110,  A)  are  laid  in  lung  chains  ;  they  arc 
white,  and  excessively  numerous.  The  yolk  undergoes  total 
segmentation  (Fig.  11D»  i>).  At  the  close  of  this  i>eriod, 
when  tlie  yolk  is  surr4miuled  by  a  layer  of  cells,  the  germ 
elongates  at  wluit  is  destined  to  bo  the  head-end  ;  this  layer 
pushes  in,  forming  a  cavity,  and  in  this  stage  it  is  called  li 
*'gastrala"  (C).  By  this  time  the  embryo  becomes  |>ear- 
ghaped  (/>)  ;  then  it  elongates.  Sul»sefinently  the  internal 
organs  of  digestion  arc  f(»rnied,  together  with  three  sets  of 
stiff,  spine-like  a[ipendages  to  the  head,  while  the  body  is 
divided  by  cross-hues  into  segments.  The  head  lies  retracted 
within  the  body  {E). 

In  hatching,  it  j>ierce8  the  egg  membrane  by  the  aid  of  its 
cephalic  armatui-e,  and  esca|>es  into  the  water,  where  it 
the  early  part  of  its  life.  Fig.  119,  F,  represents  theemhryo 
Gordins  aquathiis  greatly  maguilied.  It  will  Ijc  seen  ho 
gix?atly  it  differs  from  the  adult  hair-worm,  having  in  this 
stage  some  ^semblance  to  the  Avanthocephalushy  itscephahc 
urmatuiT,  to  the  Nematoidm  or  thread -worms  by  its  alimen- 
tary canal,  and  in  the  nature  of  Us  secretory  glands  to  the 
larvie  (eercaria)  uf  the  Tixinrntodes  or  fluke-worms.  But  the 
hair-worm  differs  from  all  these  woniis  and  even  Mermis,  a 

ir-worm  nutch  like  and  easily  confuundetl  with  Goixlius, 
mving  a  complete  metamcirphosis  after  leaving  the  egg, 
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When  in  this  stage  it  incessantly  protrudes  and  retracts 
its  armed  head,  the  spines  being  directed  backward  when  the 
head  is  out, 

In  the  first  period  of  larval  life  the  worm  lives  encysted 
in  the  bodies  of  aquatic  fly  larvae.  The  vessel  in  which 
)L  Villot  pnt  his  Gordias  eggs  also  contained  the  larvte  of 
Tanapus,  Corethra,  and  Chironomus,  small  gnat-like  flies. 
He  fonnd  that  each  of  these  larvae  contained  numerous  cysts 
with  larvae  of  Oordius.  He  then  removed  the  larvae 
from  the  cysts,  placed  them  on  the  gnat-larva,  and  saw  the 
larval  hair-worm  work  its  way  into  the  head  of  the  gnat- 
larva  through  the  softer  part  of  the  integument ;  during  the 
process  the  spines  on  the  head,  reversing  their  usual  position, 
enabled  the  worm  to  retain  its  position  and  penetrate  farther 
in.  Then,  finding  a  suitable  place,  it  came  to  rest,  and  re- 
mained immovable.  Then  the  fluids  bathing  the  parts  co- 
agulated and  formed  a  hard,  gmnulated  sac.  This  sac  at 
first  closely  envelopes  the  body,  then  it  becomes  looser  and 
longer,  the  worm  living  in  the  anterior  i>art,  the  front  end 
of  the  sac  being  probably  never  closed.  In  this  first  larval 
state  the  worm  is  active. 

In  the  second  larval  period  the  young  hair-worm  lives  mo- 
tionless and  encysted  in  the  mucous  layer  of  the  intestines 
of  such  small  fish  as  prey  on  the  gnat-larvae.  A  minnow,  for 
example,  swallowing  one  of  the  aquatic  gnat-larvae,  the  en- 
cysted larva  becomes  set  free  by  the  process  of  digestion  in  the 
stomach  of  the  fish  ;  the  cyst  dissolving,  the  young  hair- 
worm itself  becomes  free  in  the  intestine  of  its  new  host. 
Immediately  it  begins  to  bore,  aided  by  the  spines  around 
the  head,  into  the  mucous  membrane  lining  the  inner  wall 
of  the  intestine  of  the  fish,  and  there  becomes  encysted,  the 
worm  itself  lying  motionless  in  its  new  home,  with  its  head 
retracted  and  the  tail  rolled  in  a  spiral.  The  cyst  is  either 
spherical  or  oval.     (Fig.  119,  O,) 

The  return  to  a  free  state  and  an  aquatic  life  occurs  in  the 
spring,  five  or  six  months  after  the  second  encystment.  It 
then  bores  through  its  cyst,  and  passes  into  the  intestinal 
cavity  of  the  fish,  and  from  thence  is  carried  out  with  the 
faeces   into   the  water.     On   contact  with   the  water  great 
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changes  tike  place.  The  nuinerong  transverse  foUU  in  the 
bexiy  disappear,  and  it  Ijecomes  twice  as  long  as  before,  its 
hpad-armatiire  disappears,  the  body  becomes  swollen,  mtlkjv 
and  pulpy*  It  remains  immovable  iti  tlie  water  for  a  rari- 
ttble  period,  and  tlien  increaiies  in  size  ;  the  integrimeiit  grows 
harder,  and  when  about  two  inches  long  it  turns  brov^Ti  and 
(begins  to  move.  Most  hair-worms  live  in  ground  beetles 
[and  locusts,  twining  round  the  intestines  of  their  host, 
iinully  passing  out  of  the  anus.  They  are  often  seen  iu 
fresh  water  pools,  twisted  into  knots,  whence  their  Dame 
GordiH.^*  They  sometimes  occur  in  horse- troughs,  whence 
tliey  are  supposed  by  the  ignorant  to  be  transformed  horse- 
hairs. 

Order  3.  CItmfognaihL — This  group  is  represented  by  a 
single  genus,  SmjiKa^  which,  from  the  singularities  in  its  form 
and  strneture,  hiis  by  different  authors  been  referred  to  the 
Omstacea,  the  Moll usca  and  even  the  Vertebrates,  Its  de- 
velopment and  structure  show  that  it  is  closely  allied  to  the 
Nemat*)de  worms.  It  is  abont  two  centimetres  (nearly  one 
half  inch)  in  length,  and  is  found  swimming  at  the  surface 
of  the  ocean  in  ditTerent  parts  of  the  world.  The  hiteml  and 
caiiihd  fiu-liko  exfiansions  of  the  skin  of  the  end  of  the 
body  gives  it  a  iish-likc  appearance.  Tiiere  is  a  well-<lefine<l 
head,  with  sovenil  curved  spines  on  each  side  of  the  month* 
which  serve  as  jaws  ;  besides  these,  at  the  sides  of  the  head 
are  four  sets  of  short,  strong  spines.  In  the  young  Sagitta 
there  are  also  a  few  jmirs  of  lateral  spines  behind  the  head, 
but  these  afterwards  disappear.  The  alimentary  canal  forms 
a  straight  tube  terminating  in  a  ventral  opening  near  the 
posterior  fourth  of  the  body.  The  nervous  system  consists 
of  a  brain  from  which  two  nerves  are  distributed  to  the  eyes, 
and  two  lateral  nerves  pass  backwani  to  a  large  ventral  gan- 
glion lying  near  the  middle  of  the  btnly,  from  which  two 
threads  pass  backwarrls.  The  sexes  are  united  in  the  same 
individual,  the  two  long  tubular  ovaries  communicating  by 
two  long  ciliated  oviducts,  each  with  a  separate  outlet  at  the 
of  the  taiL  Behind  the  ovaries  and  anus  art*  two  cham- 
vhich  the  sjiermatic  particles  aa*  developed  from  moss- 
I  floating  freely  in  the  perivisceral  fluid,  and  eacap- 
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ing  by  a  Ifiieral  dnct  on  each  Rido  of  the  tail.    The  egg  passoe 

through  a  mornhi  and  gastrnla  stage  (Fig.  120).     The  prim- 

itive    opeoiDg    (a)   afterwards    closes 

and  a  now  opening  is  made  at  the  op-         ^jOUW4«J&v 

posite  pole,  which  is  the  permanent   ^^^J^^^^^^S. 

month.     The  embryo  is  oval  at  first,      f^^^^^^^^^ 

bat  soon  elongates,  and  the  form  of  the  «/^S  H^B 

adult  is   attained  before  the   Sagitta      ^^^.    !  /S^g 

leaves  the  egg.     Sagttta  elegmis  Ver-       ^^^^4-*^^^^ 

rill  is  abont  16  millimetres  in  length,  ^CQl^  ^ 

and  is  common  in  the  waters  of  New  Jf}fi'  m-^truim  of  sup 

_      .       -  gltU.— After  Kowmleraky. 

England. 


Class  IL— NEMATELMINTHE8. 

J^tund-bodied  warms,  with  a  dense  integument,  not  jointed;  with  an  aU- 
metUary  canal  {except  in  Echinarhynehus);  no  water- wisetUar  or  respira- 
tory  ttyetem  ;  the  nereoue  i^dem  utmatty  reduced  to  a  brain  and  two  ner- 
vous threads  passing  along  tfte  body ;  with  excretory  organs.  TTie  head 
sometimes  hooked  or  spinulated;  and  except  in  Echinorhynchus  and  Oor* 
diaeea  no  metamorphosis,  Ote  young  liotching  in  the  form  of  the  adult. 
Mostly  paraeiUc,  and  usually  bisexual. 

Order  1.  AcanthocepJiali. — Cylindrical,  with  a  beak  armed  ^yIth  hooks, 
without  mouth  or  digestive  tract    (Echinorhynchus.) 

Order  2.  Nematodes. — Long»  slender,  cylindrical,  with  a  mouth  and 
intestine  ;  but  no  metamorphosis.  Suborder  1.  True  Ne- 
matodes (Ascaris,  Oxyuris,  Eustrongylus,  Trichoceplialus, 
Trichina,  Filaria,  Anguillula,  Echlnoderes).  Suborder  2. 
Oordiaeea  (Mermis,  Gordius). 

Order  3.  Chaetognathi. — Having  a  well-marked  head,  with  lateral  and 
caudal  fin-like  expansions  of  the  skin  ;  hermaphrodite. 
(Sagitta.) 

Laboratory  Work. — ^Thcse  worms  are  to  be  mainly  sought  for  in 
the  alimentary  tract  of  fishes  and  mammals,  while  Sagitta  may  ))o 
caufrht  with  the  tow-net  They  may  be  studied  with  good  success  be- 
sides the  ordinary  mode  of  dissection,  by  cross-sections  for  the  micro- 
seopo. 
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Class  IlL— KoT.vToniA  {RaUfern), 

General  C?haract©r8  of  Rotifbrs.—Tlic  Rotifers*  nr  w 
aninmlcule.s,  are  abundant  in  stnnUiiig  water,  in  dump 
etc,,  and  In  tlio  ucuiin,  and  are  so  tninsparent  thiit  their 
tt*rnul  ftUiitAiniy  t-an  l»c  stndicd  without  diftjuectioiL  wli 
TR^  JO  minute^  being  from  on*^  forticih  to  throe  hni^ 
of  i\\\  inch  in  length  {\  to  }  mm.),  that  hi^i  powers  of  tho 

microsco|>e  are  needed  in 
sUidyirig  thein»  Theyuro 
of  special  intc>refit  from 
Hie  fact  that  after  bcring, 
dried  for  months  to  imcli 
a  deg^a^e  tliat  little  if  any 
moii^turo  ia  left  in  Uio 
body,  they  may  lie  revirod 
and  become  active.  PltH 
fessor  Owen  has  t>V)srnrwJ 
(So  rovivil!catio!i  of  ft 
Itotifor  aft4?r  having  been 
kept  for  fonr  jeiirs  ia  diy 
sand. 

Afi  an  example  of  tlj« 

iiniinary  type  of  Kotifcr 

we    may  cite   Si/uamdla 

Fig.  l«t-Sf/./arn#//rt  oWofliTa,  mtrnifli^  «0    ohhuffa  (Fig.    VlX)^  WhlCh 

'  '  '  ^^^  U  allied   to  r      '     auu 

','^'J  The   ehanict4.]  jaa 

•'  of  the  wheeKanimttleulei 

run 

'^'0  IS  the  velum  {16}  or  pair 


vnot  (#,  #<.  •■) :  «,  f he  wo 
itf  the  ait«|>ie« :  Jt*,  iht 
Ivt^iMm  mrnflitr  of  Hm" - 

licu  of  the  cjirapiir- 


cr*,  tfp*,  lh«  I* 


oj  of  ciliated  whtieUlikeflai^ 
»>n  each  «ide  of  the  h 
whitdi  JH  eontpanibLtt 
the  velum  of  the  larval  molhisk.  By  means  of  the  rotatofy 
movements  of  this  velum  the  ereatnre  is  whirled  nwifHy 
around.  The  lx»dy  is  broad  and  flattened,  with  the  walli 
ofUrn  dense,  (•hitinou8,  »ometimc8  ghelMike.  and  varionaij 
Hculptnred.  nr  the  animal  nniv  be  lonjj  and  wormdike,  it  in 
Ihfifer  vuhjarin  { Fig.  1 22)*    The  body  i?*  eom|><>fied  of  «evi>fil« 
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not  over  six,  segments.  A  Boti&r  may,  in  faot^  be  regarded 
as  an  advanced  trochasphere  or  more  properly  cephalulay  and 
comparable  with  the  lan'se  or  cephalulae  of  mollnsks^  Poly- 
zoa,  Brachiopoda  and  the  Annelids.  The  alimentary  canal 
consists  of  a  funnel-like  cavity,  the  mouth,  which  may 
be  central,  or  situated  on  one  side  of  the  head ;  \t  leads 
to  the  maHiax  or  pharynx-like  muscuhir  sac,  suppoiting 
a  complicated ,  set  of  chitinous  teeth  within  (malleus 
and  incus)  which  seize  and  masticate  the  food,  which, 
through  the  rotary  action  of  the  velum,  passes 
down  the  buccal  channel  or  mouth-opening,  and 
lodges  witliin  the  mastax.  The  so-called  sali- 
vary glands  are  two  lai*ge,  clear,  vesicular 
glands,  wliich  are  attached  to  the  funnel  and 
rest  on  the  summit  of  the  mastax.  The  latter 
opens  into  tlie  oesophagus,  "a  membranous 
tube,  capable  of  great  expansion  and  contraction, 
but  var>'ing  much  in  length  and  diameter  in 
different  genera."  Gosse  also  states  that  a  cur- 
rent of  Avater  ap^xjars  to  be  almost  constantly 
setting  through  the  funnel  and  mastax,  and 
thence  through  the  oesophagus  into  the  stomach  ; 
the  latter  is  quite  lai'go,  and  provided  with  so- 
called  "pancreatic"  glands,  emptying  into  the 
anterior  end.  Tliere  are  also  hepatic  follicles 
and  caeca,  while  the  intestine  ends  in  a  rectum 
and  cloaca,  the  latter  opening  at  the  base  of 
the  tail.  In  Notomniataj  the  digestive  canal 
ends  in  a  blind  sac,  and  in  such  male  Rotifers 
as  are  known,  there  is  no  digestive  cavity,  the 
canal  being  represented  by  a  solid  thread. 

There  are  no  vascular  or  i^espiratory  organs,  but  Sni^'i\'*f'ggi)** 
a  system  of  long,  convoluted  excretory  tubes, 
one  on  each  side  of  the  body,  which,  as  in  the  Trcmatodes 
and  Cestodes,  unite  in  a  common,  large  contractile  vesicle 
which  ojxins  into  the  end  of  the  intestine.  These  tubes, 
which  are  in  places  ciliated,  correspond  to  the  segmental  or- 
gans of  Annelids ;  they  are  open  at  the  end,  the  cavity  o 
the  tubes  thus  communicating  with  the  body-cuvity. 


\ 
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The  neiToiis  srsti^m  \&  Terjr  ample,  congiflting  of  a  nithec 
bu^  gaoglioo  fiitnated  behind  one  wing  of  tbe  Telum,  and 
IjriDg  JQSt  under  iin  eve^spoL  A  supposed  organ  of  bearing, 
eoOA^ing  of  a  sac  filled  irith  c-alciireous  matter,  is  attached 
lo  tbe  ganglion. 

The  86X00  are  distinct,  and  the  male  and  female  reproduc- 
tive  glands  open  into  tike  cloaca.  The  eexes  are,  moreover^ 
remarkably  nnlike,  the  males  being  much  smaller  than  the 
females,  rndimeut'iiry*  &ac-like  in  form,  without  any  digestive 
sac,  and  ure  Ttry  short-lived,  Some  Rotifei-s  prodiicij  what 
are  culled  winter  as  well  \il&  itummtr  q^^  ;  tbe  former  being, 
as  in  fiome  Turbellarian  worms  and  Poltfzoa^  coTerctl  with  a 
bard  ehell  to  resist  the  extremes  uf  tlie  winter  tenijieniture. 
The  simimer  egg&  develop  without  being  fertilized,  while  tbe 
winter  eggs  are  fertilized,  thodc  of  Lacinularia,  however, 
according  to  Huxley,  not  being  impregnated. 

The  eggs  of  Brachionus  arc  attiicbed  by  a  stalk  to  the 
hinder  pjirt  of  the  body  of  tbe  female.  The  following 
rcniaiks  apply  to  the  mode  of  development  of  the  fe- 
male eggs,  which  are  quite  distinguishable  from  the  mas- 
culine ones.  The  eggs  undergo  total  gegmentation,  and 
Uje  outer  layer  of  cells  resulting  from  &ubdi vision  forma 
the  blastmlerm,  and  wbcn  this  is  developed  the  forma- 
tion of  tbe  organs  begins.  The  first  oecurii^nce  is  an  in- 
folding of  the  blastoderm  (ectoderm)  forming  the  primitive 
mouth,  wliiuh  remains  permanently  ojjen,  the  mouth  not 
opening  at  the  opposite  end  as  in  Sayitta,  but  the  entire  de- 
velopment of  tbe  geim  is  much  as  iu  the  moUusk  Calyptrwa, 
as  Salensky  often  compai'cs  the  earliest  phases  of  devel- 
opment of  this  Ilotifcr  with  those  of  tliat  mollusk.  The 
**  tnx'hal  dissk/'  or  velum,  arises  in  certain  mollusks, 
as  a  swelling  ou  each  aide  of  the  primitive  infolding* 
Tliea*  is  soon  formed  at  the  bottom  of  tho  ]»rimitive  in* 
folding  a  new  hole  or  infolding  of  tbe  ectoderm,  which  ia 
tbe  true  mouth  nnd  idiarynx,  while  a  swelling  juj^t  behind 
the  moutli  becomes  tho  under  lip,  Tlie  tilonmeh  and  intes- 
tine arise  originally  from  the  endoderm. 

t>n  after,  the   two  wings  of  tho  velum  become  well 
wl  (Kig.  l;»3,  r)»  and  their  relatinu  to   the   bead  is  as 
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coDfltant  as  in  Calyptnea.  The  tail  (/)  becomes  coniciily 
larger,  and  the  termination  of  the  lutestiue  and  anal  open- 
ing is  formed  at  tlie  base. 

The  internal  orgsms  are  then  elaborated  ;  first  the  nervous 
gystera,  consisting  of  but  a  single  pair  of  ganglia  arising 
from  the  outer  germ-layer  (ectoderm).  Soon  after  the  8cn- 
sitive  hairs  arise  on  the  wings  of  the  velum. 

Pig.  123  represents  the  advanced  embryo,  with  the  body  di- 
vided into  segments,  the  pair  of  ciliated  wings  of  the  velum 
(r),  and  the  long  tail  (i).  At  this  time  the  shell  begins  to 
fonn,  and  afterwards  covers  the  whole  trunk,  bnt  not  the  head. 

The  inner  organs  are  developed  from  the  inner  germ-layer 
(endoderm),  which  divides  into  three  layers,  one  forming  tlio 
middle  part  of  tiie  intestine,  and  the  two  others  the  glands 
and  ovaries.  Tlic  pharyngeal  jaws  arise  as 
two  small  pi-ojections  on  the  sides  of  the 
primitive  cavity.  The  male  develops  in 
the  same  mode  as  the  female. 

Tliough  the  development  of  the  Rotifers, 
so  fur  as  known,  is  more  like  that  of  the 
mollusks  than  true  worms,  the  Rotifers 
may  be  regarded  as  a  generalized  cephalula 
form,  rcpivsenting  the  larval  forms  of  An- 
nelids and  mollusks,  with  decided  affinities,  nearly  r^dylf)  tmtcb. 
when  we  consider  their  chitinous  covering  -^^^"^  *^^*»»^y- 
or  carapace,  the  fold  of  the  intestine,  and  the  single  nervous 
ganglion,  to  the  Polyzoa,  and  with  more  remote  resemblances 
to  the  Brachiopods.  They  are  on  the  whole  generalized  forms. 
A  few  species  are  parasitic  :  Albertia  living  internally,  and 
Balatro  on  the  surface  of  the  Nais-like  worms.  With  the 
lower  Rotifers  are  associated  a  group  of  worm-like  forms 
represented  by  Chatonoius,  Ichthydium,  etc.,  and  forming 
the  group  Gastrotricliu.  They  have  no  ma«tax,  and  the  body 
is  only  ciliated  near  the  end.  Through  Dinophilus,  a  Tur- 
bellanan  worm,  they  are  connected  with  the  flat  worms. 
The  genus  EcUinoderes  is  also  regarded  by  Clans  as  a  low 
Rotifer.  It  seems  quite  apparent  from  this  that  the  Rotifei's 
are  a  tyx>e  which  lias  originated  from  worms  resembling  tha 
generalized  Turbellarian  form,  and  which  connects  the  lait 
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with  tlie  Polffi049^  Bmchiopod,%  mid  possibly  the  MMusca^ 
AmhMjer  braoch  being  prohiibly  u  nKMliHvd  Tertniau  type, 
ami  with  an  ancestry  not  unlike  tlmt  uf  tlie  Rotifers  ami 
aberriLtit,  g^tiemlised  Foltfzvii  and  Brack  wjmla.  The  cla&si- 
ficsition  of  tho  Ri^tUoria  is  in  ao  unsettled  state,  the  gi'ou[^ 
probably  eousistiiig  of  thr^orden»,  Yiz«  :  the  true  Rotahrm, 
the  EchmoderidiM,  aud  Gastrulricha. 


* 


Class  UL -ROT ATOKIA. 
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Warms  with  utuaUg  more  cr  l^m  ioHdrngm^nU,  rerff  uiiequaUg  dtwkpml, 
a  <ihalwf  vehtm^  ike  mamik  cpemuff  Md  a  mmlax;  mam 
Cli  imIm  wmtk  tm^tr^  wmum  rmdim$miwt$  than  tk^ftmattt.    A 

(Albcrtia.   Asplanchna,   Uydutiuii,   BraehJouuii*   Rotifer,   aud   Uic 
Uigliest  form,  FlosculariiL ) 

LtiUfftUorg  Wt^rk,— The  Hotifers  c«n  only  be  studied  whUc  alive  And 
at  tnaifi{Natal  objects     Little  is  known  abuut  tliu  Aittericaa  spisdes. 


Class  IV^—Poltzoa  {Mesg  AnwmU), 

The  Poltfzoa,   though  not  comraonly  met  with  in  frcdi 
water,  are   among  the  commonest  objeeU  of  tho  Bea^hore* 
They  ai-e  minute,  almost  microscopic  creatuivs,  social*  glow- 
ing in  commnnitiea  of  cells  (culled  poly- 
zoariu  or  corm^),  formiug  patches  on  sea- 
weeils  and  stones  (Fig,  124,  Mrmbranipot^a 
solida  Pack.),     Certain  deep-water  species 
grow  in  coral-like  forms  (Fig.  125,  Mifrio- 
toiita    suhgntcih    irOrhigny)^    while    the 
chitinous    or    homy    PolyzQu    (Fig.    11^6, 
Hnhpkila  horealU  Pack.),  are  often  mia- 
.1^4.— TeDsorseft-  taken  for  sea-wtinls  on  the  one  hand,  and 
uur.  «,.urtf.^.        j;;t.^.tularirtn  Hydroids  on  the  other.     From 
Ihc-ir  likoneaa  to  mosses  the  name  Brt^oum  was  giren  to  the 
ffjiip  by   Ehi-enlierg,  a  year  after  Thompson  (1830)  had 
llttl  ihvm  PifUjioa^  m  that  the  latter  name  has  priority. 


i 
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The  simpler  form  of  Polyzoon  is  u  worm-like  creature 
encloeed  in  a  minute,  deep,  homy  eeW,  with  the  alimentaiy 
canal  bent  on  itself  and  terminating  in  a  vent  situated  near 
the  mouthy  the  hitter  surrounded,  in  the  fresh-water  forms. 


Fig.  13&. 


-Bnnchiog  mirine  Polyz.4.ii.   Conn  of  Mjfriommm  nibgraeUe^ 


with  a  horseshoe-shaped  emwii,  or  in  the  marine  species  a 
circle  of  slender  ciliated  tcntjicles.     The  animal  wlieii  dis- 
turbed withdraws  into  its  tube  or  shell,  which  is  often  tmns- 
parent,  allowing  it  to  be  examined 
when    alive.      The  cells  are   rarely 
single,  but  a  cormusy  polyzoarium  or 
polyzoon-stock  is  formed  by  the  bud- 
ding of  numerous  cells  from  the  one 
first  formed.     The  single  polyzoon  is 
called  a  jMlypide,  and  its  cell  a  cysHd. 
In  Fedicelluuij  the  simplest  polyzoon, 
the  jwlypide  has  no  cystid  or  cell. 
The  cells  are,  in  the  marine  forms, 
usually  closed,   and  independent  of 
each  other.     The  wall   forming  the 
cell  is  called  the  endotryst ;  it  com- 
prises the  ectoderm  proper,  with  a  portion  (parietal  layer)  i 
the  mesoderm  forming  the  soft  lining  of  the  cell. 


Pig.  \7A.-HalopMla  bortalU, 
culans<-(l. 
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Tlie  BMNitli  ii  iituied  on  a  disk  (hphfphm.  Fig.  127,  B), 
Inuiag  tlie  teataelee*  whioli  an;  hollow  processes  of  tlie 
b«h^mDi»  coouBtiiitcatitig  witli  the  b4>ily*ciiviij.  the  bluod 
iMiiif  tai»  tkem,  there  beiug  iiomtt^d,  while  thoy  zxre  exter- 
mIIj  riJMiltil.  Tli^  00lTe  b«3th  to  catch  imA  and  for  n?$}iir- 
■utoAifl  gills*  Hyatt  states  that  the  t4}ntacle^  are 
;  iMi^  to  c»lcti  tbe  prejy  hut  for  a  maltitude  of  other 
officm  They  ai«  each  capable  of  jn* 
doi^ndent  motion,  and  may  l>c  twisted 
or  turned  in  any  direction  ;  bending 
itivards,  thoy  take  up  and  discard 
ot»j«9Clioiiable  matter,  or  push  down 
into  Ihe  stomach  and  clear  tlie 
<Bsophagiis  of  food  too  small  to  be 
acted  upon  by  tite  parietal  mnsclcs. 
They  are  also  employed  offensively  in 
striking  an  intrusive  neighbor,  and 
their  tactile  power,  sensitive  to  the 
al^^lest  unusnal  vibration  in  th« 
water,  warns  the  polypide  of  ihe  b})- 
ppoaeh  of  ihinger. 

The  digestive  canal  hangs  free  in 
the  b<Hly-cavity,  only  attiiched  by  the 
mouth  and  anus  to  the  walls  of  the 
body.  It  consists  of  a  p1mrynx»  a 
lai^  stomachy  and  an  intestine  which 
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fSLm^~K^fS3S!SAgi-  ^*^  ^y  ^**^  *^^^^  ^^  ^^^  pharynx,  aince 
ff ttliTfii    a, mm iHiMijrHf-  the  canal  has  a  si^iple  deep  dorsal 

flcxurts  the  vent  l>eing  situttttnl  on 
the  dorsal  or  cardiac  side,  near  tbe 
month.  Usually  the  stomach  is  tietl 
by  a  sort  of  ligament  {fttniruhtif)  to 
I  point  on  tJie  body-walls,  near  the 
■^y^^^^^^  moutlu     The  nervous  system  is  rep- 

resented by  a  double  ganglion  form- 
i-uw  situated  1  the  mouth  and  vent;  it 

nietile  and  tl  lo  m  form.     There  i&  no 

•t  acid  no  circulatory  apparatus.     The  sexoB  are  united 
ilglo  jiolypido,  the  glands  forming  masses  growing  on 
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tiic  fuuiculas  or  in  the  walls  of  the  body.  The  body, 
especially  the  lophophore^  is  retracted  and  pushed  out 
by  muscles  arranged  in  pairs  on  cither  side.  As  seen  in . 
Fredericella,  a  fresh-water  form^  the  alimentary  canal 
''hangs  from  the  lophophore,  occupying  the  centre  of 
the  polypide,  and  floating  fi-eely  in  the  rapidly  moving 
Uood''  (Hyatt).  The  yellowish  oesophagas,  the  stomach 
barred  with  brown,  and  the  brownish  intestine  are  balanced 
upon  a  fold  of  the  intestine  (the  invaginated  fold),  which 
is  retained  in  the  cell  by  the  retentor  muscles,  and  is  sur- 
roonded  by  a  large  sphincter  mnscle.  There  are  two  sets 
oif  large  retractor  muscles,  one  on  each  side  of  the  digestive 
canal,  and  arising  from  two  common  bases  ;  each  large  trunk 
subdivides  into  three  branches,  the  retractor  of  the  stomach, 
of  the  lophophore,  and  of  the  anus.  The  crown  of  tenta- 
cles is  swayed  by  these  muscles  in  everj'  direction,  or  when 
alarmed  the  polypide  may  withdraw  by  their  aid  into  the 
cell,  as  the  finger  of  a  glove  may  be  inverted  within  the 
empty  palm.  This  may  be  done  with  great  rapidity  or 
slowly.  The  process  has  thus  been  graphically  described  by 
Hyatt :  "  The  polypidal  endocyst  is  firat  turned  inwards, 
folding  upon  itself,  and  prolonging  the  pernmnently  invagi- 
nated fold  below.  The  tentacles,  arriving  at  the  edge  of 
the  coenoecial  orifice,  are  pressed  into  a  compact  bundle  by 
the  action  of  their  own  muscles,  and,  together  with  tlie 
lophophore,  are  dragged  into  the  qell  by  the  continued  invag- 
ination of  the  endocyst  until  they  are  wholly  enclosed  and 
at  rest  within  the  sheath  formed  for  them  by  the  inverted 
walls  of  the  tube.  The  sphincter  muscle  then  closes  the 
coenoecial  orifice  above,  and  the  process  of  invagination  is 
completed. 

"  The  polypide  in  its  exserted  state  is  buoyed  up  and  sus- 
tained by  the  pressure  of  the  fluids  within.  Consequently, 
when  invaginated,  it  displaces  an  equal  bulk  of  these  in  the 
closed  coenoecium,  and  their  reaction,  aided  by  the  contrac- 
tion of  the  muscular  endocyst,  is  sufficient  to  evaginate  the 
whole. 

"  The  evagination  begins  with  the  relaxation  of  the  sphinc- 
ter, which  permits  the  ends  of  the  tentacles  to  protrude 
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plion^  wluck  k  paforated  al  tha  entre  by  tlie  month, 
from  which  the  mHmmtmijcuialhaiigiiyvith  adoml 
and  anus  near  the  moalh.  **  The  exieiisaoii  ol  the  lophophoro 
iato  tvo  or  three  splriform  araiiS,  the  compki  stmctttre  of 
the  tenlaelea  and  of  the  museiihur  and  nerroiia  gptens^  ale 
all  loore  or  kas  faroafaadowed  fagf  the  ooaditaoii  of  these  sp* 
teiBS  amoag  the  higher  Po^fWtf.'^  On  the  other  hand,  the 
P^ilpm  are  doedy  related  to  the  worms^  the  Oephjrean 
worm,  Ph^ronU,  being  the  connecting  IlnL  The  mode  of 
defdopment  of  the  Poliftoa  and  Bmckiopoda  are  quite  siroi* 
lar^  an  will  be  aeen  farther  on,  and  owing  to  these  dceidc*d  sim- 
laritiei  in  development  and  anatomy,  the  Fol^zwt  and  Brachi- 
opodi  fomi  a  natuml  ^oap  or  series,  distinct  on  the  one 
Sind  from  the  lioiaiona,  and  ou  the  other  fi*om  the  moUuaka 
1  wormn* 
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Certain  hnmchitig  marino  fomi«  are  proviilinl  witli  organia 
like  birds' hcikis,  situttt-ed  on  a  sUilk  ami  chilled  avieularia^  with 
&  movHbb  jaw-like  appendjige,  which  keeps  up  an  incessant 
gDajipifig.  Beaide  the  avkularia^  there  are,  as  in  SfrrupO' 
cdhriit^  long  bristle-like  appendages  to  the  cells,  called 
rikmrnla. 

There  are  no  organs  of  special  sense  in  the  Polyzoa,  unless 
IEm  epistome  maybe  legarded  aa  an  organ  of  sense,  and  the 
neiTouB  sygt^^'m  eonsist^sof  asingle  rounded  ganglion  [Frede- 
rtcella)^  or,  as  in  PUimntdht,  a  double  ganglion,  situated  be- 
tween the  mouth  and  vent,  from  which  one  set  of  nerves  are 
distributed  to  the  epistome,  hipbophore,  tentacles,  and  evagi- 
n&ble  endocy^t,  and  another  set  to  the  various  parts  of  the  ali- 
mentary* canal.  A  so-called  colonial  nervous  sj'stem  is  sup- 
posed to  exist  in  the  Polyzoa,  as  when  the  coenoecium  in  some 
forms  19  touched  all  the  ]x>l}'pldes  become  alarmed,  which 
indicates  that  a  set  of  nerves  connect  the  different  polypidci*, 
though  no  such  nerves  have  yet  been  discovered.  The 
fresh- water  Polyzoa  are  not  sensitive  to  light,  nor  to  noises, 
only  to  agiUition  of  the  water  in  which  they  dwell. 

An  the  Polyzoa  are  hermaphrodite,  the  uvary  and  male 
glands  residing  in  iho  same  cystid,  the  testis  being  situated 
n?ar  the  bottom  and  attached  to  the  funiculus,  while  the 
ovary  is  attached  to  the  walk  of  tlie  upper  part  of  the  cell. 

Allman  regards  the  polypiile  and  cystid  as  seimrato  indi- 
vidanls.  The  singtilar  genus  Loxomma  is  like  the  polypido 
of  an  ordinary  Polyzoan^  but  does  not  live  in  a  cell  (cystid). 
On  the  other  hand,  we  know  of  no  cyetids  which  are  with- 
cmt  a  polypide.  Remembering  that  the  eystids  stand  in  the 
same  relation  to  the  polvpides  as  the  hydroids  to  the  meduste, 
as  Nit^che  insists,  we  may  regard  the  poljTiides  as  secondary 
individuals,  produced  by  budding  from  the  cystids.  The 
large  masses  of  cells  forming  the  moss-animal,  which  is  thus 
a  compound  animal,  like  a  coral  stock,  arises  by  budding  out 
from  a  primary  cell.  The  budding  process  begin;?  in  the 
endocyst,  or  inner  of  the  double  walls  of  the  body  of  the 
cystid,  according  to  Nitsche,  but  according  to  an  earlier 
Swedish  observer,  F.  A.  Smitt,  from  certain  lat  bodies  flo< 
tng  in  the  cystic 


im 


zooLoo  r. 


Tht  F$fytm  are  diTWed  primarily  into  the  Enioproctn^ 
ifptfaenlgd  hf  LoMomma  alone^  in  which  the  Tent  is  situiited 
wiHiin  the  citrle  of  tentacles,  and  the  Edo^mmia^  in  which 
Ite  ntti  tin  Wlside  of  (!  '    n.^ — ii  gruup  cumpnsing 

lU  tlw lligiier  /*)i^^M»ci  (*'.  ^  aud  PhylactohemtUa). 

Tht  devvfepmeiil  of  the  Poiyzm  is  not  very  complicated. 
Ib  tlie  SATUM  forms,  as  studied  by  Bnrrois,  the  germ  pu&si^s 
ttowigfc  s  aMimh  sUge  ;  after  which  the  eelU  2ire  arninged 
mta  two  balvBS,  aqMmited  by  a  crown  of  cilia  ;  at  this  sUigQ 
it  is  etJkd  a  khfimim.  At  the  time  of  birth  the  ciliated  germ 
it  •  disl^«lit|ied  gifitnilii^  with  two  opposite  ftices  or  ends, 
aepAffmted  bf  Aa  Cfown^  one  (aliora))  bearing  in  its  centre 
tlii  fctwUi  openiag.  Tlits  ciliated  {ree-swimniing  top-like 
llge  is  Oilkd  a  iro^a^h^re. 
trnvmrndng  abool  at  ciliated  larvre  (trochosphercs),^ 
l^r  tolPcyBtdcudopSi  and  the  Inrva  becoming  stntion^ 
Ujt  llw  ^ipM  ttim&f  iti  Oifaaieoiis  i^hcll  develops,  and  timilly 
ll»  ftijfUim  u  tttdicatedy  and  the  primitive  cell  is  graduall| 


At  mm  m  MalMfiai/aMliMM,  the  larva*  after  becomhif 
Ivii  la  wit  ol|itgt»  oomals  af  a  white  pyriform  ma^^s,^ 
^  ilaail^  ani^rioycd  kgr  an  adacyisl.  with  numerous  fat  globules 
'  INpIwwii  lli^  laltar  and  ilia  white  mass.     The  ectocyst  sw  ell» 
IHU^  a  Umx^idal  car,  with  endioeTst,  ectocyst,  and  an  externall 
wlhita  tlia  iaiitnal  vUtidi  mass  iransforms  into  the 
TImi  ^SmoUti  aia  fomiad  by  the  endocyst  consti- 
it«a  if)iiai|i]y  the  baaal  disk  of  the  pnmitivQ  cell    The  f ntur 
^  af  lh#  c«tU  apfian  oa  tha  tipfier  siirfoee  of  tlic  cell. 
'  oal  af  Ilia  stoandary  cella  of  the  polgtonrinm^^ 
[K\ymi  lk«Hn  labw  plac^w     It  hegim  by  the  appearance  of  a 
K^d  in  tt\yM  aad  helow  the  primitive  cell^  and  which 
il  M  iiaK^h  $ifAi^  I  its  aDcondarr  cell  llien  divider  into 
-<HX>^$aiTa^  gives  odgin  to  three  cells, , 
.ti  an  JUiiaaas  ala^;  and  finally  the 
tk^  u  remcht^h  the  piocfsa  being  a  dichoto* 
'  ^-^^ lila  aaakgDiii  to  that  which  pro- 

^W  si  "mmifmrm  fihfOt  which  ia  very 

nif  on  ^*ii.ir(«da»  is  of  singii* 
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lar  inievesL  The  freeHBwimming  ciliated  larva  is  prorided 
with  a  bivalTe  shell,  and  was  originally  described  as  a  La- 
mellibranch  larva  nuder  the  name  of  CyphofMuies. 
Schneider  discovered  that  it  was  a  young  Membranipora. 
Barrois,  who  has  traced  its  complete  history,  states  that  its 
metamorphosis  is  fundamentally  like  that  of  the  other  ma- 
rine Polyzoa.  Flustrella  hispida  passes  throngh  a  similar 
Cyphonautes  stage. 

In  Lozosofiia  yonng  resembling  the  adult  bud  out  like 
polyps.  Nitsche  does  not  regard  this  budding  process  as  an 
alternation  of  generations,  but  states  that  in  Polyzoa  of  the 
family  of  Vesiculariida,  this  may  occur,  as  in  the  latter 
some  eystids  form  the  stem,  and  others  (the  zomcia)  produce 
the  eggs.  Most  fresh-water  Polyzoa  reproduce  by  the  devel- 
opment of  winter  buds  or  eggs  surrounded  by  a  horny  case, 
and  developing  from  the  funiculus. 

To  recapitulate  :  the  Polyzoa  increase  {a)  by  budding ;  (J) 
by  normal  (summer)  eggs,  and  by  producing  siatoblasts,  or 
winter  eggs.  In  reproducing  from  summer  eggs,  the  young 
pass  successively  tlirough  a  morula,  hlastula,  gastrula  and 
irochosphere  stage  before  attaining  maturity. 

The  most  aberrant  Polyzoan  is  Rhahdopleura  mirahilis  Sars, 
i^hich  occurs  in  from  100  to  300  fathoms  on  the  coast  of 
Norii'ay.  It  differs  from  other  forms  by  the  want  of  an  en- 
docyst  or  mantle,  whence  it  moves  up  and  down  in  its  cell, 
without  being  attached  to  the  opening,  the  muscles  usually 
present  being  wanting,  the  cord  by  which  it  is  attached  to 
the  bottom  of  its  long,  slender  tubular  cell  being  contractile. 
The  lophophore  is  much  like  that  of  the  fresh-water  Poly- 
zoans,  consisting  of  two  long  arms,  bearing  two  rows  of 
slender  tentacles.  The  epistome  is  represented  by  a  large 
round  disk. 

The  marine  Polyzoa  occur  at  great  depths,  and  a  few  species 
are  cosmopolitan ;  the  type  is  very  persistent,  and  occurs 
in  the  oldest  Silurian  strata,  the  earliest  forms  being  very 
similar  to  their  living  descendants. 
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AnimaU  usually  forming  mo§a4ikfi  (fr  ecmmka  ealmreoun  or  fhHimau* 
WMtmi  eaUed  ^rm*^  m^  eeU  eontaining  a  worm4ike  anirtud,  with  tlU  i 
gmi9i  tnust  JkB$d,  th0  anui  tituaied  nmr  the  nufuth.  Th^  dw^  i 
drawn  m  and  out  qfihe  e^  by  the  action  t^ retractor  and  adductor  % 
The  mouth  §urrounded  by  a  erawn  afhng  taUaeks.  No  heart  or  i 
tyttMm,  N^rtouM  tyttem  toimsting  &f  a  noffk  or  double  gangHon  dtwUtd 
AifiMMi  the  mouth  and  vent,  with  nerttt  proceeding  from  it,  Sirmaphro- 
ditie  :  multiplying  by  budding  or  eggi,  Tlu  embryo  pamng  ikrough  a 
morula,  gwUrula  and  trothotphere  dage,  the  corm  being  formed  by  I 
budding  tf  numerous  cdUfrom  a  primiHw  one* 

Orderl.  Entoprocta. — ^Vent  witliin  the  lopliophore.    (Loxosoma.) 

Orders,  Eetoproeta.-^Yvnl  without  the  lophophore.    ^Lcpmlia,   E# 
chara.>  Idnionuu,  Myriozaum.) 

Lahoraiory  TT/zr*?,— The  Polyzoa  are  loo  small  to  dissect,  and 
must  be  studied  while  alive  as  tninsparcnt  ohjoots,  mid  may  be  kepi 
in  aqoAria.  The  conns  in  part  or  whale  can  he  mouuttid  for  the  mi- 
cr0flcop&  lU  opaque  objects* 


CtAss  V. — ^BttACUiopoDA  {Lfwip  Shells)* 

General  Charaotera  of  BracMopods,— This  group  is  named 
Brachiopoda  from  the  feot-like  umis,  friuged  with  t<?ntaclos, 
coiled  up  within  the  ebell,  and  which  correspond  to  the 
lophophore  of  the  rohjzon  and  the  crown  of  teutaelea  of  the 
Stthclk-like  worms.  From  the  fact  that  the  animal  secretes 
a  truei  bivalved,  solid  shell,  though  it  is  usually  inequivalve, 
f\^,  the  valves  of  different  sizes,  tlio  Brachiopoda  were  gener- 
ally, and  Btill  are  by  some  authors,  considered  to  l>e  mol- 
lueks,  though  aberrant  in  type*  They  may  be  regarded  as  a 
synthetic  type  of  worms,  with  sonio  superficial  molluscan 
features*  The  shell  of  our  common  northern  speciofl,  lere- 
bratulina  sepieniriomdis,  which  lives  attached  to  rocks  in 
from  ten  to  fifty  or  more  fathoms  north  of  Cape  Cod,  is  in 
shape  somewhat  like  an  ancient  Roman  lamp,  the  upper  and 
larger  valve  being  perforated  at  the  base  for  the  pa^^ige 

irongh  it  of  a  i»ed uncle  by  which  the  animal  is  attached 
rocks.  The  shell  is  seci^eted  by  the  skin  (ectoderm)^  and  is 
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fonposed  of  carbonate  {T9rebraiuUfm)  or  largely  {Linguln^ 
Fig*  1S3)  of  phosphatd  of  lime.  It  is  re^Uly  the  thickened 
iBicigiUDent  of  the  animal,  the  so-called  mantle  being  the 
iimer  poriton  of  tho  Bkin,  containing  minute  tubular  canals 
which  do  not  opc^n  externally. 

The  body  of  Brachiopods  ig  dirided  into  two  parts,  the 

anterior  or  thomcic,  comprising  the   main  body-cavity  in 

which  the  arms  and  riscera  are  contained,  and  the  candai  ' 

portion^  Kf.  the  peduncle*     The  part  of  the  body  in  which 

Am  risoera  lodge  ia  rather  small  in  proportion  to  the  entire 

ammal,  the  interior  of  tho  shell  being  lined  with  two  broad 

tobet,  the  free  edges  of  which  are  thickened  and  bear  set^^^ 

as  seen  distinctly  in  lAngula.     Tlie  body-carity  is  closed 

itertorly  by  a  membrane  which  separates  it  from  the  space 

which  the  arms  are  coiled   up      The   *'pallial   cham- 

[ber^  ia  aituated  between  the  two  lobes  of  the  mantle  {pal- 

lliro/i)  and  in  front  of  the  membrane  forming  the  anterior 

wall    of   the   body-cavity.      In  the  middle   of   this  pallial 

i  chamber  tho  month  opens,  bounded  on  each  side  by  the 

i  base  of  the  urm^.      The   latter  arise  from  a  cartilaginous 

Lluisey  and  bear  ciliated  tentacles^  much  as  in  the  worm  >SVi- 

\lrlln.     In  Limjula^  Dimina^nwd  Jiffifuchonella,  they  are  de- 

^Telojied,  as  stated  by  Morse,  in  a  closely- wound  spiral,  as  in 

tho  genuine  worms  (Amphitriie)*     In  Lingula  tho  arms  can 

[lie  partially  unwound,  while  in  Rhtfnchonella  they  can  not 

loiUj  be  unwound  but  protruded  from  tlio  pallial  chaml>er. 

]In  many  recent  and  fossil  forms  the  arms  are  supported  by 

I  loop-like  solid  processes  of  the  dorsal  valve  of  the  shell,  but 

I  when  these  prooesaea  are  present  the  arms  cannot  be  pro- 

.  beyond  the  shell.     The  tentacles  or  cirri  on  the  arms 

to  convey  to  the  mouth  particles  of  food,  and  they 

also  are  respiratory  in  function,  there  being  a  rapid  circula-  ' 

Uou  of  blood  in  each  tentacle,  which  is  hollow,  communi- 

uting  with  the  blood-sinus  or  hollow  in  each  arm,  the  sinus 

lidJDg  in  a  sac  on  each  side  of  the  mouth. 

The  digestive  system  consists  of  a  mouth,   oesophagus, 

atoniBchy  with  a  liver-mass  on  each  side,  and  an  intestine. 

Fig,  ViS  eliows  the  relation  of  the  mouth  and  digestive  canal 

>  to  the  head  and  arms,  as  seen  in  a  longitudinal  section  <  ' 
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TXijf.  tSS.-'LonirltitdtiiAl  i^ection  of  the  Btiterfor  portton  Of 
LinQula.  fli,  nnuiih  ;  f*-.  tp^opliniru'* ;  */,  ^lomncli :  o.  urm  ;  d, 
rlrH  ;  hf.  bmcliUI  lohl ;  ctt,  cart 1 1 «^ mum  hjiN!  of  nrm  ;  #, 
itfniis  kMirling  to  the  nrm  ;  cc^  cvphtiltc  collar  or  puJItuL  tDem- 
br»t»!.— After  Miirf  e. 


the  anterior  part  ol  the  body  of  Lingula.    The  month  ifl 

bordered  by  two  membranous,  highly  sensitive  and  movable 
lips.  The  stomach  is  a  simple  dilatation  of  the  alimentary 
canal,  into  which  empty  the  short  ducts  of  the  liver,  which 

is  composed  of 
m  asses  of  cceea. 
The  liver  origi- 
nally arises  as 
two  diverticula 
or  offshoots  of 
the  stomach. 
The  fihort  in- 
testine ends  m 
n  blind  sac  or 
in  a  vent,  and 
is,  with  the 
stomach,  freely 
suspended  i  n 
tlieiierivisceral 

cavity  by  delicate  membranea  springing  from  the  walls  of  the 
body.  (Fig.  1:^1>.)  In  those  Brachiopods  allied  to  Terebra- 
tuhi^  Terebnttniuia^  Tliecidium^  Waldheimia,  RhynchoneUn^ 
etc,,  the  stomach  ends  in  a  blind  sac,  and  there  is  no  vent^ 
the  rejectamenta  escaping  from  the  month.  In  LinguJa  and 
Diaeina  there  is  a  vent  which  terminates  anteriorly  on  the 
right  side.  In  LtmjuJ-a 
the  intestine  makes  a 
few  tuniB,  while  in  Dis- 
eina  it  makes  a  single 
turn  to  the  right. 

The  nervous  system 
consists  of  two  small 
ganglia  abo\e,  and  an 
infracesophageal  pair  of 
larger  ganglia,  and  there 
are  two  elongated  ganglia  behind  the  arms,  from  which  nerves 
are  given  off  to  the  dorsal  or  anterior  lobe  of  the  mantle. 
the  infraa'sophageal  ganglia  two  lateral  ventral  c«>rd« 
}kwards,  in  their  tract  sendingtbl!  delicate  threads» 


Fjf.  139— Tf»n»verse  i^ricm  of  ^Ih^mIa.  A. 
haijiN  Htisp^nttlnj;  the  inli'^tlne  fn  the  perf%-i«*- 
rn\  cavity  ;  i,  iiifenlin*? ;  *.  iejiTiienial  oiswi  j  «» 
ovrtrlcf ;   /,   liver;    g^   giUn;    «,  mtUj.— Aft^t 
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bat  with  no  ganglionic  enlargements,  except  in  Dhrifm, 
where  they  terminate  each  by  a  ganglion  in  the  last  two 
posterior  muscles,  Morse  has  discovered  the  presence  of 
ftuditory  capsules  in  Lingnla. 

ReApir&don  is  mainly  carried  on  in  the  mantle  (pallial 
membmne)*  In  Lin^nla  the  pallial  membrane  is  divided 
into  oblique  transverse  sinuses,  which 
run  parallel  to  each  other*  From 
these  arise,  says  Morse,  numerous 
1^  flattened  ampullse,  which  are  highly 
?lrtWL-Ainp«tt.of blood  contractile.  The  blood  courses  in 
S*h!bio3^SrT '**'**'  regular  order  up  and  down  these 
siuuses,  entering  each  of  the  ampullsB 
in  tuiu.  Fig.  130  represents  a  row  of  five  ampullm  with  in- 
dications of  tlie  course  taken  by  the  blood-disks.  These 
ampulla  have  not  been  found  in  Diminn,  though  the  pallial 
sinnaeB  are  Tery  prominent.  The  breathing  process  is  also 
carried  on  in  the  tentacles  or  cirri. 

bitimately  connected  with  the  vascular  system  Is  a  gland- 
ular portion  of  the  tubular  part  of  the  segmental  organs  of 
the  Brachiopoda^  which  is 
lappcised  to  represent  simi* 
lar  pftrts  in  worms  as  well 
aa  Ui6  glandular,  excretory 
portion  of  the  organ  of 
Bojanus  in  moUusks^  and  is 
supposed  to  be  depuratory 
or  renal  in  function. 

Tba  reproductive  system 
of  Brachiopoda  consists  of 
ovaries,    oviducts    or    seg- 
menul    organs,    Fig.   131,  j^^.T^^T^^T'^l^i^^^^ 
and  spermaries.     The  sexes  **«»'**• 
are  probably  separate  in  all  Brachiopoda  (Morse). 

The  ovaries  are  attached  in  Biscina  and  Linguht  to  the 
delicate  vascular  membranes  of  the  large  sinuses  in  the  pal- 
lial membranes,  the  vascular  membranes  being  thrown  into 
oonspiouous  rufiRs  when  the  eggs  are  ripe.  In  Terebratulina 
and  Bhynchonella  they  are  not  only  similarly  situated,  bu| 
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bang  in  clusters  from  the  genital  bands  in  the  peririgceral 
cavity.  The  mature  eggs  detach  themselves  from  the  ovary 
tu  float  freely  in  the  perivigceml  cavity,  whence  they  pasg  into 
the  flaring,  ciliated  mouths  of  the  segmental  organs^  and  are 
discharged  by  them  into  the  water.  These  segmental  organs 
or  oviducts  are  tubular,  trumpet-shaped^  as  in  the  true 
worms  (Fig.  131),  In  Lingula,  Uiscinai  and  Terebratulina, 
there  is  but  a  single  pair,  in  llhynconclla  two  pairs*  The 
external  orifices  of  the  oviducts  form  simple  slits,  while  in 
Terebratulina  they  project  from  the  anterior  walls  like 
tubercles,  as  in  the  true  worms  (Morse).  The  spermariea 
occur  in  the  same  situation  in  the  perivisceral  cavity  a«  the 
ovaries.  Ab  observed  in  Terebratulina,  by  Morse,  in  a  few 
hours  after  the  eggs  are  discharged  the  embryos  hatch  and 
become  clothed  with  cUia,  Kowalevsky  obsen'ed  in  the  Bgg 
of  Thecidium  the  total  segmentation  of  the  yolk  (also  ob- 
served iu  Terebratulina  by  Morse),  until  a  blastoderm  is 
formed  around  the  central  segmentation  cjivity,  which  con- 
tains a  few  cells.  The  similar  formation  of  the  blastoderm 
was  seen  in  Anfiope,  but  not  the  monila  stage.  After  this 
the  ectoderm  in  vagi  nates  and  a  cavity  is  formed,  opening 
externally  by  a  primitive  mouth.  The  walls  of  this  CJivity 
now  consist  of  an  inner  and  outer  layer  (the  endoderm  and 
ectoderm).  This  cavity  eventually  becomes  the  digestiva 
cavity  of  the  mature  animaL 

In  Terebratulina  Iforso  observed  that  the  oval  ciliated 
germ  became  segmented,  dividing  into  two  and  then  three 

rings,  with  a  tnft  of 
long  cilia  on  the  an- 
terior end  (Fig.  132, 
A).  In  this  stage  the 
larva  is  qttite  active, 
swimming  rapidly 
about  in  every  direc- 
tion. 
Soon  after,  the  germ 
looeea  its  cilia  and  becomes  attached  at  one  end  as  in  Fig. 
132»  B  {(\  cephalic  segment  ;  /A,  thoracic  segment;  p^  pe- 
ijticfllar  or  caudal  segment).     The  thoracic  ring  now  in- 


DKVKLOPMSMT  OF  BRACH10P0D8, 


193 


i 


mudi  ill  fiUe  fio  as  to  i^rtially  enclose  the  cephalic 

as  at  C.     The  form  of  the  Bmchir^pod  is  then  eooD 

as  seen  in  D,  in  which  the  head  {c)  ia  seen  pn»ject- 

m  the  two  TaLfeft  of  the  aiieli  {th)^  the  lat^r  heing 

iral  pkte. 

The  hinge  mar^n  ia  bfoad  and  dightly  rounded  when 
looked  at  from  ahovo  ;  a  gide  view^  howevi^r,  preaenta  a  wide 
mA  flattened  iirea,  aa  is  shown  in  some  species  of  Spinfci*^ 
d  the  enihryo  fur  a  long  time  takes  the  iwsition  that  the 
ipirifer  must  have  assumed  (Morse).     Before  the  folds  have 
over  the  head,  four  bundles  of  biistles  appear  \  these 
riatlGS  are  delicately  barbed   like   those  of   larval  worms, 
ftmis,  or  cirri,  now  bud  oat  as  two  prominences,  one  on 
ch  Side  of  the  mouth.     Then  as  the  embryo  advances  m 
^^prowth  the  outlines  remind  one  of  a  Leptmnn^  an  ancient 
g^niis  of  Bracliiopods,  and  in  a  later  stage  the  form  becomes 
uitd  uuliko  any  adult  Bmchiopod  known. 
The  deciduous  bristles  are  then  discarded,  and  the  perma- 
nent ones  make  their  ap]>earanee»  two  pairs  of  arms  arise, 
id  now  the  shell  in   '*  its  general  contour  recalls  Siphono* 
ela^  placed  in  the  family  Umiuidt^  by  Davidson,  a  genus 
not  occurriug  above  the  Silurian/*     No  eye-spots  could  be 
seen  in  Terebratidina,  though  in  the  young  Thecidium  they 
were  observed  by  Lacaze-Diithiers,     The  young  TerobriJitu* 
InaditTcrs  from  Discinaof  tbo  same  age  in  being  sedentary, 
hile>  as  obsened  by  Fritz  MoUer,  the  latter  "swims  freely 
the  water  some  time  after  tho  dorsal  and  ventral  plates, 
cirri,  moutli,  a^sophagus  and  stomach  have  made  their  aj>- 
leanincc*"     Discina  also  differs  from  Terebratulina  in  hav- 
g  a  long  and  extensible  oesophagus  and  head  bearing  a 
rovm  nt  eight  cirri  or  tentacles.     Reganling  tho  relations 
f  the  Brachiopoda  with  the  Pahfzon^  Morse  suggests  that 
lere  is  some  likeness  between  the  young  Bmchiopod  and 
ic  free  larva  of  PediceUina.     Fig,  133,  B»  represents  the 
'erebR&tulina  when  in  its  form  it  recalls  Megerlia  or  Argi- 
C   I'epresents  a  later  Lingula-Uke   stage.     **It  also 
iggests/'  says  Morse,   "in  its  movements,  the  nervously 
ting   Peflicellina.      In   this  and   the  several   succeed' 
I,  tl*e   mouth   poiuta  directly   Ijackward   (forwai 
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authors),  or  away  from  the  perpendicular  end  (D),  and  is 
surrounded  by  zi  few  ciliated  cirrij,  which  forcibly  recall  ccr- 
tiiin  Pohjzm,  The  stomach  and  intestine  form  a  simple 
dmmber,  ulternating  in  their  contractions  and  forcing  the 
l>3irtieles  of  food  from  one  portion  to  the  other."  Figure 
133,  E,  shows  a  more  advanced  stage,  in  which  a  fold  is 
ficon  on  each  side  of  the  stomach  ;  from  the  fold  is  developed 
the  complicated  liver  of  the  adult*  as  seen  in  E,  which 
repi-esentjs  the  animal  about  an  eighth  of  im  inch  long.  The 
arms  (lophophore)  begin  to  assume  the  hai*seshoe-shaped 
form  of  Pevfuiaidla  and  other  f resh -water  Pa/yzoo,  At  this 
stage  the  mouth  begins  to  turn  towanls  tl-.e  dorsal  vaWe,  and 
as  the  central  lobes  of  the  lopliophore  Ijcgin  to  dcTelop,  the 
lateral  arms  are  deflected  as  in  F.  In  the  stage  G  an  opis- 
toine  ia  marked,  and  Morse  noticed  that  the  end  of  the 


Fig.  133.— Later  \wnh\  ^tugci  of  Terebr&tBlLaa,— After  Mor»fl. 

intestine  wag  held  to  the  mantle  by  an  attachment,  as  in  tha 
adult,  reminding  one  of  the  fHnk'uluH  in  the  fresh-water 
Polyzoa*  In  tracing  tlie  development  of  Argioi>e,  Koival- 
evsky  has  shown  that  the  larva  is  strikingly  like  those  of  the 
Annelidsi  as  well  as  the  Tornaria  stage  of  Bfdanogloitgu^, 

While  in  their  develoimxent  the  Bmchhpofla  recall  the 
lai'va?  of  the  true  worms*,  they  resemble  tlie  adult  worms  in 
the  general  arrangement  of  the  arms  and  viscera,  though 
they  lack  the  liighly  developed  nervous  system  of  the  Anne- 
lids, as  well  as  a  vascular  system,  while  the  body  is  not 
jointed.  On  the  other  hand  they  are  closely  related  to  the 
Pulyzoay  and  it  seems  probable  that  the  Brachiopoda  and 
Poit/zoa  were  denved  from  common  low  rermian  ancestors, 
while  the  true  Annelida  probably  sprang  inde|Tendently 
rom  a  higher  anccijtry.     They  are  also  a  genenih*^  tjpe. 
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baFiBg  some  mollascan  featui^8«  such  &g  a  solid  shell,  though 
haring  nothiug  homologous  with  the  foot,  the  shell-gland 
or  odontophore  of  mollusks. 

In  iiocordauee  with  the  fiict  that  the  Brachiopods  are  a 
gienecalized  type  of  worms,  the  species  huve  a  high  antiquity^ 
and  the  type  is  remarkably  persistent  The  Lingula  of  our 
ibore3(i!^,  piframidala  Stirapsou^  Fig.  134)  lives  buried  in 
tbe  aaiid,  where  it  forms  tubes  of  saud  around  the  i>eduiicle, 
t  below  low- 
r  mark  from 
Chesapeake  Bay, 
Florida.    It  has 

oiurkable   vitid-  ^^'^'T^j  jL     i  #^^ 

y^  iiot  only  with-  ^^  ^^  ^  I'll 

iandiiig   the 

auges   of    tem- 

niture  and  ex- 

to    death 

Uk  various  Oth-        ^'K'    is*-— /-iai^wia  pyfxtffUdtUa  nuLkiog  B«iid*tiib#ii ; 
OftUiral  »lze,— After  Morse. 

raiises,  out  will 

ar  transportation  to  other  countries  in  aea-water  that  has 
n  unchanged.  Living  Linguhe  have  been  carried  by  Prof. 
orse  from  Japan  to  Boston,  Mass.,  the  water  in  the  small 
jar  coutaiuing  the  specimens  having  been  changed  but 
ce  in  four  mouths.  The  living  species  of  this  cosmoiiol- 
genus  differ  but  slightly  from  those  occurring  in  the 
west  fossiliferouB  strata.  Between  eighty  and  ninety  liv- 
ig  species  are  known,  most  of  them  living,  except  Lingula, 
hich  is  tropical,  in  the  tcm}-»enUe  or  arctic  seas,  while  nearly 
1)0  fossil  s}K?cies  are  known.  The  type  attained  its  maxi- 
um  in  the  Silurian  age,  and  in  palaeozoic  times  a  few  spe- 
cies, ^AAtrypa  reticularis,  extended  through  un  entire  system 
of  rock&aiid  inhabited  the  seas  of  both  hemispheres. 


CuLss  v.— BRACHIOPOBA. 


SkdUd  foorms,  with  a  Umfdone  or  partly  rhiUaouM,  tnequivalve,  hinged 
unhinged MheU,  ti^ioting  the  worm-Uke  animnl ;  with  (too  tptraUy  anUd 
p¥miiit4l  tntJi  ikum  eilifitt^t  rJrri  or  ieniaeUsf,  and  ca/M^  of  r^iUkin^ 
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to  or  bejfond  th&  tdge  of  thegaping  tkelU  ;  ak'meniarif  Mnal  with  th$  mmA 
opening  btsimeen  the  armst  ^^  fuophoffUM,  gtomaeh  toitk  a  Ucer-mam  om 
oa€h  M$,  and  a  shori  intestine  ending  in  a  bUndmu^  and  ttitA  the  damach 
fi^g  mapfnded  in  the  perimteral  itpace*    Herwut  »if«t*^n  wami^ng  of  a 
^mgUm  abm»  and  beneath  the  (eaopktagus,  and  two  lateral  wntml  widdff- 
^Hpiii8l«f  thrmdt,      2fo  €ge$  in  the  aduM,  hui  pntient  in  the  tanm  <if 
^Argiopg  and  Thecidium  ;  auditing  mtes  prtmni  in  Lingut^  Jfo  nrcukUarg 
system,  (he  hltxtd  impelled  through  the  tstneeral  interepaec»  and  tentaeul^ 
nnuaee  bg  ciliary  aetion  alone.    Benpiratu^n  enrried  on,  mainig  in  the 
mantle  and  also  in  the  anm.     The  iterea  dintinet.     One  or  tito  pain  (^  »eg 
meniid  organs.     The  germ  poMes  through  a  moruia  ami  gfMtnilu  tttage^ 
becoming  a  Mgmented  dUaied  iarea  like  th/it  of  the  true  ttornm,  trhieh  k- 
eom69  eatile,  th09heU  detiehpingj^wn  (he  thoraeie  $egmeni  of  the  larva  amd 
graduaUg  endowing  the  animal. 


I 


Order  1.  Teetie/jirdinee. — Shell  calcareous,  of  prismatic  structure,  with 
liinge  and  teeth.  iDteslinc  ending  In  a  blind  sac«  HaDtlo 
lobes  utiited  behmd.  (Families  Terebratulklie,  Spiriferii 
Rliyncbonellidw,  Strophomenidas.  and  ProducUda?.) 

Of*der2,  Ecardine*,-^Ehe]\  without  a  hinge;    amis  without  a  caji 

ous  loop  and  with  no  median  \oYm.  Ititcfitine  either  end- 
ing in  a  blind  sac  or  with  a  vent  opening  anteriorly  on  the 
right  side.     (Families  CraniidiE,  Discinfdfle,  and  Lingulid^,) 


rid«^^ 


Lahorat&rg  Work. — Specimens  nf  TerehratuUna  can  be  dredged  In 
from  ten  to  fifty  fathoms  on  a  rocky  lyottom  north  of  Cape  Cod,  and  the 
anatomy  and  development  of  the  young  be  studied  in  living  examplea. 
Jjbigulffi  can  be  obtained  at  Beaufort,  N.  C,  and  in  (he  sandy  ahonss 
WNiLliward.  While  the  general  structure  can  Ik;  studieil  from  alcaltoUc 
specimens,  the  recent  discoveries  wtiicb  have  advanced  our  knowledge 
of  the  Brachiopods  have  been  made  on  living,  active  individuals.  The 
eggs  are  minute  and  hare  to  be  studied  with  high  powers  of  the  micro- 
scope. 


Class  VI.— Tui^icata  {Asmdianx,  Set^gmrte). 

Oeneral  Characters  of  Tunioates. — While  the  Timicatet 
are  an  ubcrratit  type  of  worm^,  with  affinities  on  Uio  one 
hantl  to  tho  krvi«  of  the  lower  worms,  i.e.,  the  Coroana 
fonn  of  the  Tremiitwles,  on  the  other  hand  they  have 
•tartling  rosembhiiice  in  the  tjidpole-like  yoaii|^  of  mai 
^ra  to  the  vei't:ehraie  Ampkiorun.  The  poaition  given 
botwoen  the  Brachiopoda  und  trite  worms  not  far  fro 
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BaJanapIoft9U9f  U  a  provisional  one.  In  a  diagram  showing 
the  classification,  i.«*,  the  aflinitied  of  the  different  cla^aee  of 
aTiimal"!  the  Tuiiicates  may  be  represeutod  as  an  independent 
teanch  sent  oft  possibly  from  the  Trematode  stem,  running 
pttrmllel  to  the  wonn^,  neur  Balanoghssus^  and  ending  a  little 
beloir  the  letel  of  Amphiajtits.  They  hare  certainly  few 
molluflcan  features,  what  do  exiat  being  gnperficial,  and 
nothing  to  remind  us  closely  of  the  Folytoa  or  Bnichiopods, 
and  the  chisa  is  here  treated  of  because,  in  a  serial  arninge- 
flient  of  the  cl&ases  of  an] male,  the  Tunieates  can  best  be 
dwcribed  at  this  place,  rather  than  after  the  true  worraa,  or 
immediately  before  the  vertebrates. 

The  A&cidians  are  cominon  Just  below  low-water  mark, 
either  hidden  in  mames  of  museels,  attached  to  the  rocks 
under  sea-weeds,  or  the  compoutid  species 
may  be  fonnd  forming  hright-eolored  masses 
on  the  pilei  of  whanea  and  bridges,  while 

rMotryllus  grows  on  the  leaves  of  eel- 
For  purposes  of  study  the  larger 
forma,  such  a.^  Aftcidia,  Cynthia^  and  Bol* 
ienin^  may  be  dredged.  On  placing  a  good- 
sised  Ascidian  in  a  vessel  of  fresh  sea-water, 
it  will  be  found  to  consist  of  a  semi-trans- 
parent or  qaite  opaque  test  with  two  open- 
ings, one  lower  than  the  other,  as  seen  in 
Molyula^  which  looks,  when  the  two  orifices 
ire  protruded,  like  a  double-necked  bottle, 
higher  orifice  or  mouth  is  for  the  passage  of  currents  of  water 
into  the  respiratory  sac,  and  the  posterior,  usually  lower, 
excurrent  orifice  for  the  passage  outwards  of  faecal  matter. 
The  te«t  is  either  delicate  and  semi-transparent,  allowing  the 
intestine  and  ovaries  and  liver  to  be  detected,  or  it  may  be 
qoite  tough  and  opaque.  It  ia  rendered  tough  and  hard  by 
the  presence  of  cellulose,  a  substance  usually  occurring  in 
the  walls  of  vegetable  cells,  but  very  rarely  in  animal  tis- 
sues* 

Order  1*  A  seidiacea, — As  an  example  of  the  ordinary  Tuni- 
cates^  we  will  now  study  the  internal  anatomy  of  BoUenia 
rgni/ormU  (Fig,  136),  which  lives  in  fi'om  five  to  twenty- 


ManAatUiuin.  —  AJt«r 
Verrill. 


The  anterior  or 
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fathoms  off  the  coast  of  Northern  New  England,  bnt  which 
is  sometimes  thrown  ashore  on  beaches, 

■  On  examining  the  test  of  this  Aaoidian,  which  is  mounted 
"    on  a  long  stalk,  the  oral  or  incnrrent  orifice  is  eeen  at  th6 

insertion  of  the  stalk,  and  the  atrial  or  exeurrent  orifioe  on 
the  same  side  near  the  opposite  end.     On  cutting  open  the 

»  thick  teat  and  throwing  the  flap  over  to  the  left»  the  deli- 
cate mantle  or  tunic  is  disclosed  ;  it  extends  a  short  distanoe 
into  the  stalk  or  ijc-duncle.  This  thin  hyaline  mantle  is 
crossed  by  two  sct^  of  narrow  raised  muscular  bands  ;  the 
transTcrso  fibres  are  arranged  concentrically  to  the  two  ori- 
fices, 60  as  to  close  or  open  them,  the  longitudinal  ones  curr- 
ing  outward  from  the  loft  side. 

Currents  of  sea- water  hiden  with  organic  food  pass  into 
the  oral  orifice,  which  is  surrounded  by  a  circle  of  tentacles 
pointing  inward,  and  thence  into  a  capacious  saccular  bran- 
chial chamber  within  the  mantle,  which  contracts  at  the 
bottom,  where  tlio  msophagesil  opening  is  situated.  The 
walls  of  this  chamber^  which  is  over  an  inch  long  in  a  good- 
sized  specimen^  and  gathered  into  fringed  folds,  is  sieve-like 
with  ciliated  perfomtions  {compare  Fig.  137  u),  making  the 
walls  like  a  lattice- work,  the  blood  coursing  through  the  Tes- 
sels  pnssing  between  the  meehes  of  the  sieve-like  walls. 
I  The  fesophagus,  which  lies  at  the  bottom  of  this  branchial 
'  chamber,  is  also  situated  near  the  intestine  passing  over 
the  anal  end  into  the  short  stomach.  The  intestine  is  long, 
ptissing  up  to  the  insertion  of  the  stalk,  where  it  is  held 
in  place  by  muscular  threads  extending  into  the  stalk  and 
attached  to  the  mantle  ;  it  then  suddenly  bends  back  and 
passes  straight  down  to  the  vent,  which  opens  opposite  to 
the  atrial  orifice  ;  the  end  of  the  intestine  is  in  part  revolute 
and  provided  with  a  fringe  of  about  twenty  filaments.  The 
liver  forms  a  broaci  and  flat  mass  of  a  bright  livid  green,  and 
consists  of  three  flat  lobes  each  conijiosed  of  eight  or  nine 
lobules,  with  very  short  ducts  enveloping  the  inner  aspect  of 
I      the  intestine.    The  ovaries  ai-e  two  yellowiish,  large  and  long 

■  I'^bolated  masses  extending  nearly  the  whole  length  of  the 

■  *^,  while  the  right  one  is  a  tittle  smaller,  and  situated  in 
H^      dd  of  the  intestine.     The  cUriuni  is  that  region  of  the 
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bodyonTitj  which  liee  between  tlie  end  of  the  intestine  and 
the  fttrial  or  excnrrent  orifice ;  into  this  atrial  re^'rm  the 
faeoea^  e^gs,  etc.,  pass  on  their  way  to  and  out  of  the  atrial 
orifice. 

The  rimplest  form  of  Tanicate  h  Appendieularia,  which 
15  tftdpole^ehaped^  bearing  a  general  rosemblaDce  to  the  larva 
of  an  ordinarj  Ascidian,  so  that  it  may  be  properly  called  a 
lanwi  form.  The  Appendicularia  is  a  pelagic  animal^  usually 
about  cue-half  of  an  inch  in  lengthy  found  floating  at  or 
netf  the  surface  when  the  ocean  is  calm,  and  occurring  m 
all  wfti  a  few  miles  from  land  or  in  mid-ocean.  It  swims 
by  memoB  of  its  large,  long,  bi-oad,  flit  tail,  the  body  being 


Vlip  IW.— Aiwlaaijr  of  Bolte&la.-'Dnimi  by  J.  S.  KingvJej  rrom  tkc  «atlior  • 
diMoctioiu. 

oral  or  flask-ehaped.  In  Appendicularia  fiabellum^  as  de- 
Bcribed  by  Huxley,  the  caudal  ap|)endage  is  three  or  four 
times  as  long  as  tlie  body.  The  mouth  leads  into  a  large 
phaiyngeal  or  branchial  sac ;  a  narrow  esophagus  at  the 
bottom  of  this  sac  leads  to  a  spacious  stomach,  with  two 
lobes,  from  the  left  one  of  which  the  intestino  arises,  ciirvea 
and  ew^s  midway  between  the  mouth  and  insertion  of  the 
tail.  In  the  middle  of  the  heemal  side  (that  side  in  which 
the  heart  is  situated  and  bearing  the  atri^il  opening)  is  a 
fold  of  the  wall  of  the  pharyngeal  cavity  called  the  endoMtjUk^ 
On  each  side  of  this  eudostyle  is  an  oval  ciliated  aportm 
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oorreq>ondmg  to  the  nnmerona  branchial  elitd  in  the 
Ascidians,  but  in  Appemlicularia  each 
aperfctire  leatis  into  a   funnel-shaped 
canul^   the   open  end  of   which   ter 
bcsido  tho  rectum, 

Tlie  heart  is  a  hirge  pubatUd  sao  sit: 
between  the  two  lol>e8  of  the  vtomadi* 
nervous  system  is  much  more  fally  def 
than  in  other  Tunicatcs,  and  ia  cona 
on  tho  true  Vermian  type,  consisting  fiiat  of  I 
a  ganglion  situated  below  tho  month  on  Uwl 
side  opposite  the  atrial  ojiening  and  opf 
the  anterior  end  of  the  eudostyle. 
nervc-ccntro  throws  off  nerves  to  tho  side 
the  moutli,  and  from  it  posteriorly  oxt^n 
long  cord  past  the  Gesophagus  to  tho  base « 
the  tail,  thence  it  ext-ends  along  one  side  *rf| 
the  axis  of  the  tail  (urochord),  swelling  ail 
regular  intervals  into  small  ganglia^  from] 
which  from  two  to  five  small  nerves  radii 
On  the  cephalic  ganglion  a  round 
is  attached.  Behind  the  {losterior  tnr 
the  digestive  canal  is  the  testis  and  01 
the  Appendicnlaria  being  hermaphrodite^" 
Fol  claims,  though  the  ovary  is  developed! 
later  than  the  testis  The  Appendiculajm) 
has  no  test,  but  soci^et^  a  fibrous  enTekq^vf 
which  is  at  iirst  gelatinous,  loosely  inrronad-* 
ing  the  whole  body»  and  allowing  the  cre«tim| 
the  freest  motion  within  its  cavity. 

Tho  general  structure  of  an  Asoidian  1 

perhaps  be  more  readily  comprehended  by»l 
study  of  a  compound  A^udian  {Amar€bcium)A 
which  grows  in  white  or  flesh-c^ilored 
on  Bca-weeds,  etc.  On  n^moving  an  A% 
rwcium  from  tho  mass  and  placing  it  ut 
the  microscope,  its  etructuru  cam  be  per^l 
ceived.  The  tK»dy  is  long  and  slender^  as] 
seen  in  Fig.  137.    The  mouth  loads  by  the  capaeioos  bnui< 


Fte»  1S7.  —  Srnio 
tore  of  i  compound 
Ascldl&n,  AmartB- 
eium  A.  bninchi*! 
tftc  ;  m.  •tomacb  ;  k, 
InUwttne  ^  e^  moath  ; 
o',  teiitti ;  r  r'.  et«r- 
ent  duet  of  the  te»* 
tla ;  C,  ovary ;  j/, 
egg  In  the  iNViiv-cnv^ 
tty:  /J^t  egiri  in  the 
amum  t  n,  anus;  o. 
Mho^A*  thi?  dlteof  tbo 
heart ;  /,  liver  ;  *. 
openfriipi  In  wai'Mof 
branch  i«}  chjiint*rr 
— ProiD  Maciils  er. 
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dual  600  (A)  to  the  atomach,  while  the  iiite8tiiie(B)  is  flexed^ 
directed  npwardi,  ending  at  the  bottom  of  the  atrium  not 
far  from  the  atrial  opening.  Tho  reprodnctivo  glands  are 
ntnated  behind  or  below  the  bend  of  the  intestine,  the  eggs 
being  fertiliied  as  they  past  into  the  atrinm,  and  the  heart 
lies  in  the  bottom  of  the  body-cayity,  being  directly  opposed 
to  the  nerre-ganglion  (not  represented  in  the  figoro),  which 
liea  between  the  two  openings. 

In  the  perfectly  transparent  Perophora,  which  grows  on 
the  ]Mle8  of  wharves  on  the  coast  of  Southern  New  England, 
one  indiyidual  after  another  buds  out  (as  also  in  Clavellina) 
from  a  common  creeping  stalk  like  a  stolon.  In  this  form 
the  circulation  of  the  blood-disks  in  the  branchial  vessels  and 
the  action  of  the  heart  can  be  studied  by  placing  living  ani- 
mals in  glasses  under  the  microscope.  The  heart  is  a  straight 
tube,  open  at  each  end,  and  situated  close  to  the  hinder  end 
of  the  branchial  sac.  After  beating  for  a  number  of  times, 
throwing  the  blood  with  its  corpuscles  in  one  direction,  th ) 
beatings  or  contractions  are  regularly  reversed  and  the  blood 
forced  in  an  opposite  direction. 

Renal  organs  are  apparently  represented  in  PkallusM  by 
a  peculiar  tissue,  consisting  of  innumerable  spherical  sacs 
containing  a  yellow  concretionary  matter.  In  AMgula  and 
Ascidia  vitrea  Van  Beneden,  an  oval  sac  containing  concre- 
tions of  uric  acid  lies  close  to  tho  ovary. 

In  tho  forms  already  considered  the  plan  of  structure  is 
complicated,  owing  to  tho  difficulty  of  distinguishing  an 
anterior  or  posterior,  a  dorsal  or  ventral  aspect  of  the 
animal.  In  Salpa  and  Dolioluniy  however,  the  body  is  more 
or  less  barrel-shaped,  the  hoops  of  the  barrel  represented  by 
the  muscular  bands  which,  at  regular  intervals,  surround  the 
body.  The  mouth  is  near  the  centre  of  the  front  end,  the 
pharyngeal  sac  is  very  large,  and  the  digestive  tract  makes 
less  of  a  turn  than  in  the  ordinary  Ascidians,  while  tho 
atrial  opening  lies  directly  at  the  posterior  oiicniDg.  The 
heart  is  truly  a  dorsal  vessel,  and  the  nervous  ganglion  is 
situated  on  the  opposite  side  of  the  body.  This  relation  of 
the  anatomical  systems  is  most  clearly  shown  in  the  genus 
DoUolHtn,  and  we  have  here  a  slight  approach  to  the 
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metrical  relation  of  partd  seen  in  the  true  worms,  and  which 
etroDgly  suggest  the  conclusion  that  the  Tauicates  are  mod- 
ified worms.  Tiiia  conclusion  is  strengthened  by  the  fact 
that  in  Appendicular ia  the  TCJUr^l  niTvons  cord  is  gadgli- 
onatad  9t  interrals,  as  in  the  Annelids^  while  the  twisted 
digestive  tract  is  much  as  seen  iu  Polyzoa  and  Bnichiopods. 
FurthermorOy  the  branchial  sac  is  sti'onglj  analogous  to  the 
pharyngeal  or  gin--tvo  of  Balnnaylnsmif^^nA  this  structure  in 
tho  Ascidian  and  whale's-tonguo  worm  anticipates  the  pha- 
ryngeal or  gill-sac  of  Amphiajtui  and  vcrtebrat<i  embryos. 

The  simple  Ascidians  attain  to  a  large  size,  Ascklia  calhm 
being  about  ten  centimetres  in  diameter,  quite  round,  and  in 
form  and  color  bears  a  strong  resemblance  to  a  potato. 
Ascidta  giga^^  dredged  by  the  Challenger  Expedition,  is  from 
tliirty  to  forty  centimetres  in  diameter,  and  has  a  ganglion 
nearly  as  large  as  a  i>ea,  A  floating  colony  of  Pprosotna 
gigas  is  sometimes  five  feet  \fyng,  Cgnth  la  pgriformis  Rathkd 
may  bo  called  the  sea-poach,  from  its  si^e,  form,  and  the  rich 
bloom  and  reddish  tints  of  its  test.  It  is  common  in  deep 
water  from  Cape  Cod  to  Greenland  and  Scandinavia. 

While  tho  Ascidiaiis  as  a  rule  do  not  live  below  a  depth  of 
150  fathoms,  tho  stalked  Hgpobythius  cahjcodfiH  Moseley  wns 
dredged  by  the  Challenger  Expedition  in  2000  fathoms  in 
tho  North  Pacific  Ocean  ;  it  is  stalked,  and  about  twenty 
inches  high.  The  aberrant  Octacnemus  hyihius  Moseley  was 
also  dredged  in  1070  fathoms  near  the  Schouten  Islands, 
Tasmania. 

Punceri  has  described  tho  luminous  organs  of  Pgrasoma, 
which  is  highly  phosphorescent ;  the  substance  from  which 
tho  light  is  emitted  is  probably  a  fatty  matter. 

Ascidians  multiply  by  budding  and  by  eggs.  Examples  of 
bndding  or  germination  are  seeu  iu  the  compound  or  social 
Ascidians,  such  ikJAAnmrmcium^  etc.,  where  the  individuals  of 
tho  colony  bud  out  from  tho  primitive  one  just  as  it  has  left 
the  larval  condition  and  has  become  fixed.  In  Didemnium 
buds  arise  from  masses  of  cells  floating  free  within  the  test* 
Tliey  multiply  by  division  as  soon  as  the  digestivo  and  repro- 
ductive organs  are  indicated*  In  Botrgllus  the  ssooid  which 
results  from   Iho  tadpole- like  larva  serves,  according    to 
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Ilaxley,  merely  aa  a  kind  of  stalk,  from  which  new  zaoids 
bad  out,  and  this  process,  in  his  opinion.  *' leads  to  the  still 
more  eingulur  process  of  development  in  Pijrmuma^  in  which 
the  first  formed  embryo  attains  only  an  ira[>erfect  develop- 
ment, and  disappears  after  having  given  nso  to  four  asi-idio- 
looidfl."  In  ClaveUina  and  Perophnra  the  original  parent 
Ascldian  throws  off  branched  or  stolons  from  which  develop 
new  iodiyiduals. 

The  usual  mode  of  development  in  the  simple  and  com- 
pQiind  Aseidians  (forming  the  order  Ascidiac^a)  is  by  fertil- 
"~"  Jgs.  We  will  give  the  life-hLstory  of  an  Ascidian  sis 
hm&A  on  Kowaleveky  and  Kupffers  researches  on  Phallusia 
\millata  Cnrier,  in  which  the  embryonic  stages  were  ob- 


!  Hg»  MB.— Emliryo  A#cidisti.    A,  <l  prfmrtlTe  opcain? ;  A,  prlinitive  di;7i*stlve  rav- 
■^  MloenlAtioii'CATltir  or  pitmiyve  b(i«ly<avfty  ;  B,  i  phmrviiJt ;  a.  ncrvr<iivity; 

Imia  fofmimgl^  body- wall ;  ^r,  rudimtiUTiiry  uot4XiiorcL--Ajru.TKowalL'V>ky. 

BFved,  and  Aacidia  iniesiinalis^  in  which  the  larval  and 
tibeeqnent  stages  were  studied. 

The  egg  consista  of  a  yolk  unprotected  by  a  yolk-skin,  but 
rounded  by  a  layer  of  jelly  containing  yellow  cells.  The 
oik  undergoes  totid  segmentation.  The  next  step  ia  the 
[iTagitiiition  of  the  ectoderm,  a  true  gastrula  state  resulting. 
?ig,  133,  A  (after  Kowalevsky),  repree^ents  the  gastrulu  ;  A, 
be  primitive  digestive  cavity ;  a,  the  primitive  ojjeniug, 
rhioh  soon  closes ;  and  c,  the  segmentation-cavity  or  primi- 
ire  body-cavity.  After  this  primitive  opening  (a)  m  lost  to 
fiew,  sometime  before  the  embryo  has  reached  the  stage  B, 
[lother  cavity  (w)  appeal's  with  an  external  opuuing.  This 
^cavity  is  formed  by  a  union  of  two  ridges  which  grow  out 
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m  nm,  end  pnes  the  cellH^ontents  out  of  the  Baiddle  of  the 

[cofd.     After  eedi  reprodactiTe  corpuscle  growg  so  thit  the 

eeiitnl  mbstsDoe  of  the  ceU  is  forced  out,  it  nnitn  with 

the  others,  end  then  arises  in  the  middle  of  the  simple  eel* 

hilar  cord  a  string  of  bodiee  of  a  firm  gdatinoiia  ml 

which  forms  the  support  of  the  tail.    After  this  ocMle 

[the  eabetance  develops  farther  and  preeees  oat  the  prot 

i  of  the  cells  entirely  to  the  periphery.    The  cord  wh€ 

iplete  consists  of  a  firm  gelatinous  substance  surrounded 

fhf  a  celltilar  ^beath  which  is  formed  of  the  remains  of  the 

E^li  originnlly  comprising  the  rudimentary  cord»     The  cells 

lying  under  the  epithelial  layer  form  a  muscular  sheath  of 

Wi  the  conl  (Fig.  139,  c)  is  the  support  or  skeleton. 

le  alimentary  cavity  arisee  from   the  primitire  cavity 
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(Fig.  138,  Af  k) ;  whether  the  primitive  opening  (Fig^  138, 
A  J  a)  is  cloeed.or  not,  Eowalevsky  says  is  an  interesting 
question.  According  to  analogy  with  many  other  animals 
it  probably  closes. 

The  larva  hatches  in  from 
forty-eight  to  sixty  hours  af- 
ter the  beginning  of  segmen- 
tation, and  is  then  of  the 
form  indicated  by  Fig.  139 
(copied  with  some  additions 
and  omissions  from  Enpffer's 
figure,  being  partly  diagram- 
matic). This  anatomist  dis- 
covered in  the  larva  of  As- 
cidia  canina,  which  is  more 
transparent  than  Eowalov- 
fiky's  Phallusia  larva,  not 
only  a  central  nervous  cord 
overlying  the  chorda  dorsalis 
and  extending  well  into  the 
tail,  while  in  the  body  of  the 
larva  it  becomes  broader, 
clab-shaped,  and  surrounds 
the  sensitive  cavity  (a),  but 
he  also  detected  three  pairs 
of  spinal  nerves  {s)  arising  at 
regular  intervals  from  the 
spinal  cord  {h,  h')  and  dis- 
tributed to  the  muscles  (not 
represented  in  the  figure)  of 
the  tail ;  KupflFcr  calls  /  the 
middle  and  g  the  lower  brain- 
ganglion.  The  pharynx  (i), 
or  respiratory  sac,  is  now 
very  large ;  it  opens  pos- 
teriorly into  the  stomach  and 
intestine  (i) ;  x  represents 
one  of  the  three  appendages 
itself  to  some  object  when  about  to  change  into  the  adu 
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bodT-wall,  con8l<(ting  of  epithelial  cells.— 
Copied  with  Bonie  chungea  from  Kupffer. 

by  which  the  larva  fastens 
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jt-Miit  of  <litTc'rciK'e  from  other  iniimals  in  the  (li'Vclopnioiil 
of  all  vertebrates  is  seen  in  the  formation  of  the  dorsal 
ridges,  and  their  closing  to  form  a  nerve-canal.  This  mode 
of  formation  of  tho  nervous  system  is  characteristic  of  the 
rertebrates  alone,  except  the  Ascidians.  Another  primary 
dwacter  allying  the  Ascidians  to  the  yertebrates,  is  tho 
,  presence  of  a  chorda  dorsalis,  first  seen  in  the  adult  Appen- 
dicolaria  by  J.  Mailer.  This  organ  is  regarded  by  Kowal- 
ersky  to  be  functionally,  as  well  as  genetically,  identical  with 
that  of  AmphioxuB.  This  was  a  startling  conclusion,  and 
stimulated  Professor  Kupffer,  of  Kiel,  to  study  the  embry- 
ology of  tlie  Aficidians  anew.  He  did  so,  and  the  results  this 
careful  observer  obtained  led  him  to  fully  endorse  the  con- 
clusions reached  by  Kowalevsky,  particularly  those  regarding 
the  unexpected  relations  of  the  Ascidians  to  the  vertebrates, 
and  it  would  appear  from  the  facts  set  forth  by  these  emi- 
nent observers,  as  well  as  Metschnikoff,  Ganin,  Ussow,  and 
others,  that  the  vertebrates  have  probably  descended  from 
some  type  of  worm  resembling  larval  Ascidians  more  perhaps 
than  any  other  vermian  type,  though  it  is  to  be  remembered 
that  certain  tailed  larval  Distomse  appear  to  possess  an  organ 
resembling  a  chorda  dorsalis,  and  farther  investigation  on 
other  types  of  worms  may  lead  to  discoveries  throwing  more 
light  on  this  intricate  subject  of  the  ancestry  of  the  verte- 
brates. At  any  rate,  it  is  among  the  lower  worms,  if  any- 
where, that  we  are  to  look  for  the  ancestors  of  the  Vertebrates, 
as  the  Coelenterates,  Echinoderms,  the  Mollusks,  Crustacea 
and  Insects,  are  too  circumscribed  and  specialized  groups  to 
afford  any  but  characters  of  analogy  rather  than  affinity. 

For  example,  the  cuttlefish,  with  its  "  bone,"  brain-cap- 
sule and  highly-developed  eye,  is,  on  tho  whole,  more  remote 
from  the  lowest  vertebrate,  Amphioxus,  than  the  Appendi- 
cularia  or  the  larval  Ascidian. 

Certain  (three)  species  of  Molgula  have  been  found  by 
Lacaze-Duthiers  to  have  a  nearly  direct  development,  not 
producing  tailed  young.  There  is  a  slight  metamorphosis, 
however,  the  young  having  five  temporary,  long,  slender 
processes.  In  Ascidia  ampuUoides  the  larva  has  a  tail,  no- 
tochord  and  pigment  spots,  which  are  wanting  in  the  young 
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of  seTenl  spectes  tA  M^igula^  bat  it  has  the  five  long  decii] 
QOiii  appefbdngM  abeenred  in  young  Malgulm.     Among  the 
mmfomnA  Aacidtan^,  BotryUus  and  BotfyUoides  have  tailed 
jroiuig.  while  in  other  forms  there  is  no  metamorphosis,  de- 
Telo|ime&t  being  direct. 

Chrthr  %,  Tkiliaeta* — On  the  whole,  we  maj  regard  this 
order,  repnasented  by  SaJpa  (Fig.  140),  and  DoUolum^  as 
oomprisLDg  tlie  more  specbJiJced  farms  of  Tunieates.  Salpa 
ia  pdj^Cy  one  speciea  oeeamng  in  ubnndanee  off  the  shores 

of  Southern  Xew  England^  while 
the  others  mostly  live  on  the  high 
seas  all  over  the  tropical  and  sub- 
tropical regions  of  the  globe.  Late 
in  the  summer  our  Salpa  spinom 
of  Otto  can  be  captured  in  multi 
tudes  by  the  tow-net  in  Long  Island 
Sound* 

There  are  in  Salpa  two  kinds  of 
individuals,  i.^.,  the  salitar}%  and 
aggregated  or  ohain-Salpae.  The 
body  of  the  solitary  or  asexual 
form  is  more  or  less  barrel-shaped, 
with  a  series  of  circular  bands  of 
muscles,  like  the  hoops  of  a  barrel, 
and  situated  on  the  inner  side  of 
the  outer  tunic.  The  test  is  trans- 
parent, though  very  thick,  while 
the  outer  tunic  lines  the  cavity  of 
the  test  as  in  other  Tunicatea.  In 
the  members  of  this  order  the  oral 
aperture  of  the  mantle  is  at  one 
end  of  the  body,  and  the  atrial 
opening  at  the  opposite  end,  the  minute  digestive  canal  be- 
ing but  slightly  curved,  the  budy-cavity  being  largely  occu* 
pied  by  the  pharyngeal  or  respiratory  sac.  Moreover^  the  dor* 
aal  or  hiemal  side  of  the  bodv  is  clearly  distinguishable  from 
the  ventral  or  neural  side,  as  well  seen  in  Doliohan^  where 
die  well-marked  tubular  licart  lies  above  the  digestive  organs, 
and  is  directly  opposed,  as  in  worms  generally^  to  the  nervoua 


Fl^.  \¥S.^Salpa  MpUtota.  An  tn> 
iivldOAl  fhitn  %  outare  cUaiu  ; 
three  quart*T  view,  onlm^wJ.  rr, 
AtrU]  opeoinfl; ;  b,  moutli  ;  r,  pro- 
t«-*«e«  by  which  the  member*  or 
Lhtf  chAio  are  ualtt^d  ;  h^  heiirt  \  i», 
nervous  riuiifIIoii  ;  o^  tmcteufl 

BU'sBeport. 
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ifBtem,  which  is  sitnated  Tentnlly  betwocn  the  moath  and 
Tent  We  thus  have  in  these  Tanicates  a  front  and  hind 
end  of  the  hody,  a  dorsal  and  yentral,  as  well  as  a  distinct 
bilateral  symmetry  of  the  body.  This  is  seen  in  Ajfpendi- 
eularia  as  well  as  in  Doliolum  and  Salpa,  however  mnch 
this  symmetry  may  be  obscured  in  the  more  typical  Ascidi- 
anSy  snch  as  Ascidiu,  Molgula,  BoUenia,  etc. 

The  oral  aperture  leading  into  the  respiratory  sac  is  large^ 
being  as  wide  as  the  body ;  the  respiratory  sac  is  more  com- 
plicated than  in  other  Ascidians,  and  more  so  than  in  DoU- 
olnm,  where  it  is  a  wide,  deep  passage,  the  oesophagus  at  the 
binder  end,  the  sac  itself  jierforated  by  two  rows  of  bran- 
chial slits,  four  or  five  slits  in  each  row.  In  Salpa,  how- 
ever, the  respiratory  sac,  as  described  by  Brooks,  is  attached 
to  the  outer  tunic,  around  the  edges  of  the  mouth,  as  in 
other  Tunicates.  There  are  only  two  branchial  slits,  one  on 
each  side  ;  these  are  very  large,  and  cover  almost  the  whole 
Bnrface  of  the  bronchial  sac,  except  the  median  dorsal  and 
haMnal  lines.  On  the  neurol  side  the  branchial  slit  opens 
directly  into  the  atrium,  the  ciliated  lino  where  the  two 
tunics  unite  being  marked  by  the  so-called  ''gill"  (Brooks). 
In  Sali)a,  according  to  Brooks,  the  branchial  sac,  though 
ciliated  within,  is  not  so  directly  concerned  in  the  respiratory 
act  as  in  other  Tunicates,  since  respiration  is  efFectcd  largely 
by  the  action  of  the  muscles,  which  also  assist  deglutition, 
and  are  the  organs  of  locomotion.  These  contract  rythmi- 
cally,  with  great  regularity,  and  at  each  contraction  the 
water  is  expelled  from  the  branchial  sac  through  the  atrial 
aperturo  ;  and  when  the  muscles  are  relaxed,  the  elasticity 
of  the  test  distends  the  chamber,  and  a  fresh  supply  is  drawn 
in  through  the  branchial  aperture,  the  lips  of  which  readily 
*admit  its  passage  in  this  direction,  while  a  similar  set  of 
valves  allows  its  passage  out  of  the  atrial  aperture,  but  pre- 
vents its  return.''  Thus  a  chain  of  individuals  move  with  a 
uniform  motion,  while  the  solitary  individuals  and  those 
which  have  been  set  free  by  the  breaking  up  of  a  chain,  move 
by  jerks. 

The  digestive  canal  is  small,  curved  on  itself,  the  cesopha- 
gus  leading  from  the  bottom  of  the  pharyngeal  or  respiratory 
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811C  into  a  gmall  sUmiaL'li,  the  iriteslinc  beiiiliiig  l^iick  on 
itself,  and  the  vent  bciug  ucar  the  mouth.  The  entire  diges- 
tivti  canttl  is  immovable,  the  hxyd  being  driven  through  thv 
I)eratanently  distende<l  euvity  by  means  of  the  cilia  lining 
its  inner  surfaee*  Tlie  great  posterior  blood-sinus  surn:)und:$ 
the  digestive  system  on  all  sides,  tho  Dutrioicnt  being  di- 
reetly  absorbe<l  from  its  Burface  and  mixed  with  the  bloocL 

Tlje  nerviuis  system  is,  in  adajnutiun  to  its  Incuniutive  life, 
moi*e  Fpeeialized  thim  in  the  sessile  forms,  and  hi<rhly  spc- 
cialixetl  organs  of  siglU  and  hearing  are  prescait.  The  heart 
is  a  eliort,  eomplicated  organ,  Ipng  in  the  sinus-system.  Its 
aetinn  is  often  reverst^I ;  the  rt^vurml  of  the  beaN  temling 
to  clear  the  fsi muses  of  the  bhxwl-digiks  overcnnvding  them. 
In  one  8}iccies  of  iSidpa  Pnjf.  Bn>oks  states  that  I  he  h]i»od- 
eluinnels  are  in  all  cases  sinuses,  wliich  arc  parts  of  tlie  Ixxly- 
cavity  and  have  no  special  walls,  tliough  in  q)ecie8  investi- 
gated by  otlier  writers  there  are  eaid  to  bo  tnio  blood-vessels^ 
lined  witli  epithelium. 

The  hermaphroditic,  aggiTgatcd  or  chain-salpa  differs  from 
the  solitary  a**e\nal  form  in  being  less  rt^gularly  barrel- 
shaped,  and  without  the  two  long  posterior  apiM:ndag09  of 
the  latter ;  in  the  proi»ortion8  of  the  different  organs,  tlie 
two  forms  are  essentially  alike. 

The  young  diain  is  easily  perceived  in  the  solitary  indi- 
viduals in  the  posterior  part  of  the  body,  curving  around  the 
digestive  organs,  Wlien  first  s*.*L  f!t*e  from  the  Iwidy  of  the 
solitiiry  Balpa,  the  chain  is  about  half  an  inch  long,  and  tho 
single,  individual  8ali)iTe  conii)osing  it  are  about  two  and  alialf 
millimetres  in  length.  They  gnnv  w^ry  nipidly,  and  soon 
reach  their  full  size,  when  the  chains  are  often  a  foot  or  a 
foot  and  a  half  long  ;  the  individuals  comimsing  them  when 
fully  givwn  being  al)out  two  centimetrt^s  in  length.  The 
elmin  Cii^ily  falls  apart,  at  id  the  individuals  are  capa>»le  of 
livitiga  solilury  life,  Huxley  stating  that  the  chain-iTHlividu- 
ttls  of  the  species  obsened  by  him  were  generally  found  soli- 
tary; for  this  reaiHin  we  shouhl  i*eganl  the  chain-sid|iaD  m 
indivifhntlftf  not  zoouis,  Ix'ing  cai«ihle  of  leatling  an  inde- 
m^ndent  existence,  and  with  a  structure  almost  identical  with 

it  of  the  solitarj'  Sal  pa*. 
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Brooks  has  studied  the  mode  of  development  of  the  female 
and  male  Sdlpa  spinosa  (Fig.  140).  When  a  ^pa-chain  is 
discharged  from  the  body  of  the  asexual  Salpa,  each  iudi- 
Tidnal  of  the  chain  contains  a  single  egg  which  is  fertilized 
by  sperm-cells  of  individuals  belonging  to  some  other  chain, 
and  after  passing  through  the  mulberry  stage  and  entering 
the  gafitrula  stage,  the  germ  is  in  most  intimate  relation 
with  the  body  of  its  parent  The  vase-shaiKjd  gastnila  is 
lodged  in  a  brood-sac.  Its  body-cavity,  originally  formed  by 
invagination  of  the  ectoderm,  opens  directly  into  the  sinus- 
Evsiem  of  its  nurse,  and  the  blood  now  circulates  in  and  out 
of  the  primitive  digestive  cavity  as  well  as  around  the  out- 
side of  tho  cmbr}'o.  But  as  the  cmbr}'o  grows  and  fills  the 
brood-sac,  so  that  the  outer  surface  ^f  the  giistr^la  becomes 
intimately  connected  with  the  wall  of  the  brood-sac,  tho 
blood  no  longer  bathes  tlie  outside  of  tlic  embryo. 

At  this  time  the  "placentii"  is  formed.  Brooks  believes 
tliat  it  originates  directly  from  the  blood,  "by  the  aggrega- 
tion and  fusion  of  its  corpuscles,"  not  being  derived  from  any 
of  the  parts  of  the  parent  or  embryo.  Soon  after  its  appear- 
ance it  consists  of  an  inner  chamber  communicating  with  the 
sinus  of  tlie  nurse,  and  having  no  communication  with  any 
of  the  cavities  of  the  embryo  ;  its  cavity  being  a  part  of  tho 
original  **  primitive  stomach"  of  thegastrula.  It  finally  has 
two  chambers,  an  inner  and  outer  one,  and  Huxley  describes* 
the  ftptal  circulation  in  the  placenta,  a  deciduous  organ 
analogous  in  function,  but  by  no  means  homologous  in  struc- 
ture, with  the  vertebrate  placenta. 

When  the  embryo  of  the  solitary  Salpa  is  nearly  one 
millimetre  (^  inch)  long,  and  while  still  in  the  brood-sac  of 
the  parent,  the  tube  which  is  to  give  rise  to  tlie  chain  ap- 

*  **  The  blood-corpuscles  of  the  parent  may  be  readily  traced  cntci 
ing  the  inner  sac  on  one  side  of  the  partition,  coursing  round  it,  and 
finally  re-entering  the  parental  circulation  on  the  other  side  of  the  par- 
tition ;  while  the  fa?tal  blood-corpuscles,  of  a  diflfercut  size  from  those 
of  the  parent,  enter  the  outer  sac,  circulate  round  it  at  a  different  rate, 
and  leave  it  to  enter  into  the  general  circulation  of  the  dorsal  sinus. 
More  obvious  still  does  the  independence  of  the  two  circulations  be- 
come when  the  circulation  of  either  mother  or  foetus  is  reversed." 
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^  |Pi|grtgKii,i  nDifomily  ;  there  are  usually  three  af  these  mis 
ipM  llie  tube  of  an  mlult  solitar}-  Salpa.* 

Tlins  the  Salpa  reproduces  }>urLheuogenetica]ly  as  in  some 
Cniitaoea  am!  -.  and  we  hu%'e  here  a  true  case  of  "  alter- 

ation tif  geii  -/'     III  18ir»  CJiamis^cj  gtuted  "that  a 

&%ft  mochar  ia  not  like  lU  daughter  or  itii  own  mother,  hut 
rmnblea  ii^  Bister,  its  granddaughter,  and  it^grandmuther.f 
Iauiit»dialely  iifter  the  inihlication  of  Brooke'  researches 
m  S^pa  Mpiuosa^  thope  of  Salensky  on  Sulpn  demovmlicn- 
^jmcr9Bsia  (m  epecies  said  to  be  elrtsely  allied  if  not  ideiitic4il 
|^M&  &  ttjntumn)  ai>peared.  According  to  the  Kussian  ob- 
Harvir,  aa  stated  by  Huxley,  who  adopts  his  conchtsioji^,  the 
B'ttttin  oalpii  is  a  hermaphrmlite,  and  the  egg  white  still  in 
tlii  Of  arum  follicle  is  fertilized,  when  the  oviduct  shortening 
ttd  vidciiiiig  forms  a  single  uterine  sac,  tlio  nvHtcrnal  and 

*  Th<  D^sTelopineut  of  Salpn,  bj  W,  K,  Brooks,  Bullelm  of  tlie 
Hiveiim  of  ComparmtiTe  Zoologv,  III.,  No.  14,  Cambridge,  1S7G.  We 
Wt»  ftn-sented  quite  fuUjr  the  autUoKs  account  of  llie  mode  of  devel- 
qib^t  of  tlie  TouDg  aaexual  (Uia  female)  Salpa,  wicboiit,  however, 
t/kipUn^  his  intr^rpretation  of  the  Bexee  of  ihe  two  kinds  of  Individuals 
«f  Salpa  ;  believinjj  his  '*  female"  Salpa  to  bo  asexual,  and  Uia  "  male" 
iil|*  Ui  Im^  UtTUiaplirodite,  witli  an  ovaiy  and  t«fitia,  as  lie  lias  not  ap* 
fBfvallf  obaerved  Uie  fact  of  tbt5  introduction  of  an  egg  into  tlie  bodj 
«(Ua  ^'hiaIc"  ^aifia.  On  the  contrary,  it  appt'ars  to  be  developed 
•fl^uatljr  in  a  true,  simple  ovarvor  *' ovarian  folUde;"  tbe  tesda  being 
temiiire  ami  lUt:  ^gg  fertiliz  d  hj  sperm-celld  of  oiber  bermapbro* 
^_  Ulra,  ta*ADd>lfi  breeding  lb  us  litfing  prevented, 

I^B    t^U»  view  baa   been  endorsed   by  SteeuBtrup,    Sara,  KroUnt  and 

^P«k«r«,  r«pi*cJany   by    Leuckart  in  the    following    words   quoted    by 

^r   imokg :  "  It  ifl  now  a  aeitled  fact   tli*t  the  reprrnluctive  organs  are 

P      btad  only  In  tLc  aggregated  indlviduala  of  Salvia,  wbile  the  »>lttary 

bdttldiiak^  wblcli  are   [»ro<lacod   from  the  fertilized   e^fjrs,  havf%   in 

fb^t  of  •rzuat  organs,  a  bad-stolon,  and  reproduce  in  Ihe  asi^iuil 

matter  aiclualvely,  by   the   formation   of  buds.      Male  an'!    femttl« 

1^    ofj^acu  ar«*,  ao  far  aa  we  yet  know,  united  in  the  Siilpie  in  one  indl- 

H    Ti4ttaL     The  Silpm  are  hrmaphrodiU.**     On  ibe  otlier  band,  Todaro, 

IT    ta  la  elaborate)  meiitoir  (tB76),  considers  the  Salpa  as  the  synthetic 

Xfp  t4  all  ibe  vertebratsi,  preaenting  feat u rail  pecaliar  to  eacb  claw, 

•%n  liicliidios  ^1^^  mammab.     In  his  opinion  it  ia  an  allantoidian  ver- 

l«ftil»la,  4iFrtttopod  in  a  true  uterus,  the  neck  of  whicb,  after  the  life  of 

*^  iVbrjo  1wgiii«,  beeomaa  plugged  with  macuB. 


% 


T,  tram 
kf^  cvlif  (like:, 


mththodf 

and  extiSEi^oiL 
ii  m  f  oQoiri  ^ 

%f  faoddiii^ft 


!r.r  i:^.  a  ilacvnta- 
:.   ^ir-'.-i    bv  the 


r"^:.  '.  :  r:r.:ni:ion5,  like  llic 
^  M-Iir^.  :ho  ;iM:xu:il  Aphis 
/  i  :Vr..^l^>  :  :hv  a^^xual  Red  in 
J.\  ::  v^.  «.-a.^^  i'k-  olTspring  (^) 
■^  ;:::-:kr  ::.v  ]<i!viu.  but  the  off- 
r^::  :.  « ' »  is  like  (7)  the  jrraiid- 


ffioilu-k-i  throujii  ih'/  cutlic-Ii^h,  i»n:'-<'iit  strong  features  an- 
licijiating  the  vcHcbrato  structurt*.  the  Tunicata  S4?em  more 
ch/r^Iv  allic-<i  to  tlit-  vertobrates.  j^rtieularly  AfuphioxuSy  than 
any  other  invertebrate  tyjx?.     To  snm  up  these  resemblances  : 
the  lanal    AKridian  has  a  notochord,  a  spinal  nerve-cord, 
and  Hi-iH  of  fipinal  nerves,  like  those  of  lowly  organized  or  em- 
bryonic vertebrates,  though  these  are  morphologically  on  the 
•'Antral  wide  of  the  body,  as  in  other  worms  ;   the  nervous 
•^v  and  its  mode  of  closure  in  the  embryo  is  as  in  the  em- 
Hcbrate  ;  the  respiratory  sac  of  the  adult  Tunicate 
morphological ly  that  of  the  Atnphioxus,     Conse- 
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gnentlj,  while  as  a  matter  of  fact  the  Tanicates,  as  a  whole, 

levmble,  and  as  it  were  anticipate^  the  advent  of  a  yerte- 

haAe,  like  Amphioxns ;  as  a  matter  of  pure  hypothesis,  the 

Fertebratee  may  have  descended  from  animals  like  Tunicates. 

Bat  we  need  not  on  this  account  dissociate  the  Tunicates  from 

the  worms,  remembering  their  resemblance  to  Balanoglos- 

BH8y  and  even  to  the  Trematodes,  and  place  them  near  Am- 

pkiozus  and  the  Vertebrates  in  general.     But  we  are  obliged 

to  leave  them  at  this  point  and  pass  on  to  the  consideration 

of  the  highly  specialized  worms  and  Mollusca.  Crustacea,  and 

Insecta,  which  are  circumscribed,  closed  types  of  animals 

with  i)ossibly  a  vermian  ancestry. 


Class  VI.— TUNICATA. 

Body  U9iuUly  iuhspherieal,  or  »ac4ike,  obscurely  symmetrieal ;  some. 
timts  barrel  s/uiped,  bilateral,  with  a  dorsal  and  ventral  symmetry,  pro- 
tected by  a  transparent  or  dense  test,  containing  cellulose,  lined  tcithin 
by  a  tunic  surrounding  tlie  body-cavity.  Ttoo  openings  in  the  test,  one 
oral,  the  otfier  atrial;  mouth  leading  into  a  eapacUms  pliaryngeal  res- 
piratory sac,  opening  posteriorly  by  an  cuophagus  into  a  stomach,  whieJi 
is  provided  with  a  liter;  intestine  flexed,  vent  opening  near  the  cRSop/iagus, 
the  fofces  passing  into  an  atrium  or  cloacal  space,  and  tJtence  out  of  the 
atrial  opening.  Nervous  system  bilateral,  forming  a  double  ganglio- 
nated  chain  {Appendicularia),  but  usually  reduced  to  a  single  ganglion, 
situated  within  the  tunic  betiveen  the  two  openings  ;  a  tubular  heart,  open- 
ing  at  each  end,  lodged  in  a  sinus-system,  and  its  beatings  often  reversed, 
the  Hood  flowing  in  and  out  at  either  end.  Sexes  usually  united  ;  in  some 
forms  asexual  individuals ;  reproducing  by  eggs  or  budding  partluno- 
yeneticaUy,  or  by  gemmation, 

(hder  1.  Asddiaeea.  —  Body  sac-like,  sabspherical,  usually  sessile, 
Bometimes  stalked,  simple  or  compound,  minute  individuals 
growing  in  a  common  mass ;  the  oral  and  atrial  openings 
contiguous;  often  a  complete  metamorphosis.  (Appendicu- 
laria, Botryllua,  Amaroecium,  Clavellina,  Perophora,  As- 
cidia,  Boltenia,  Pyroeoma). 

Order  2.  Thaliacea. — Body  barrel-shaped  ;  free-swimming,  test  thick, 
hyaline ;  with  circular  muscular  bands ;  respiratory  sac 
widely  open;  reproducing  by  alternation  of  generations. 
(Salpa,  Doliolam). 
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Labomtorp    Work.— The  TuuicAtes    aan  well   be  etadied  only  In  " 
a  living  stale  ;  or  Bectiotm  of   liArdened   8aJp®  may  be  tnad^v     Tb« 
youD^,  c&uj^bt  wiih  tlie  tow-net^  should  be  immediately  criamloed,  at  I 
tiiey  are  very  filmrt-lived.      IVUcate  sections  of  hardened  eg^  ind  j 
larvBB  are  made  with  great  difficulty,  but  are  necessury  to  exAmiae  ia 
connectioti  with  the  living  more  or  less  trmnspareat  anim»1n» 


Class  VIL— Nemefitina  {Xenurimn  Worms). 

General  Characters  of   Nemerteans, — Tlie  Nexnertean  ' 

Mornis  occur  Hbuiiiliuitly  under  stones,  etc.,  between  tide- 
mai'ks  and  below  low- water  nmrk  ;  they  urc  of  various  col- 
ors, tlull  red,  dull  green  and  yellowish,  and  arc  distinguished 
by  tbc  soft  J  very  extensile,  more  or  less  flattened,  long  and 
slender  hudy,  wirich  is  soft  and  ciliated  over  the  surface, 
the  skin  !>eing  thick  and  glandulai*.  A  few  fonns,  such  as  , 
ProrhyncJiH»  (Fig,  141)>  live  in  fresli  water,  i 

The  month  forms  a  small  slit  on  the  ventral  surface  im-  ! 
mediately  behind  the  aperture  for  the  exit  of  the  proboscis. 
The  cesophagiis  leads  to  a  large  digestive  tract,  ending  |>08« 
teriorly  with  an  anus*  and  often  with  short  lateral  coecik  In 
JPelmjonevierles  and  AiHinardia  the  numerous  ca?ca  are  much 
bmncheiL 

The  nervous  system  is  r|uite  simple,  consisting  of  two 
ganglia  in  the  head  united  by  a  double  commissure ;  from 
each  ganglion  a  tbrea<l  composed  of  nerve  tibres  and  ganglion 
cells  passes  back  to  the  entl  of  tlic  bo€ly* 

While  the  Nemerteuns  are  much  like  the  flat  worms, 
most  of  them  approach  the  Annnlata,  such  as  the  ci*rtli- 
worm,  in  their  higlily  complicated  circulatory  system,  ^vhich 
is  composed  of  a  series  of  closed  contractile  vessels.  There 
are  three  great  longitmlinal  trunks,  one  median  ami  two 
lateral,  and  connecting  with  each  other.  The  blood  is  pale, 
Turely  red,  with  corpuscles.  Another  feature  characteristic  of 
many  Nemerteans  is  the  '*  proboscis/*  nothing  like  it  being 
found  in  other  worms.  Along  tlie  back  of  tlic  head-end  ia 
a  special  muscular  sheath  containing  the  complicated  probos- 
*?'»,  which  is  extended  through  a  pore  situated  above  the 
^ft<»UtlL      The  ahgath  contains  a  txiq^usculated  fluid,  and 
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both  the  sheath  and  proboscis  lie  between  the  eommissnrei 
of  the  gangli:!  in  the  front  part  of  the  head. 
Tlie  ovaries  and  te&te^  are  nitiiated  in  sacs 
I       on  eftch  side  of   the   digestive  canal.      The 
sexes  ore  distinct,  with  the  exception  of  cer- 
tain siK?cies  of  Borlusia.     The  breeding  sea- 
800  i&  from  starch    to   April,   while   othei'S 
spawn   all   Slimmer.      The  eggs  are   ejected 
from  lateral,  pale,  minute  openings,  and  the 
^■species  may  be  either  oviparons  or  ovoviri pa- 
rboils.    These  worra^i   when    molested    often 
^Bb|pUc   into   fragments ;    in   such  cases  each 
^^Iwe  13  cupaljle  of  rcprodacing  the  entire  ani- 
tmil  and  all  its  internal  organs* 

■  The  Xemcrteans  present  a  great  range  of 
Tariation  in  their  mode  of  development.  In 
the  simplest  mode  of  growth  the  young  is  a 
ciliated  oval  form,  without  any  body-cavity. 
In  others  there  is  a  body -cavity,  but  the  larva 
id  minute  and  ciliated,  and  attains  the  adnlt 
form  by  direct  growth.  In  still  another  gjie- 
cies  {Xemerfes  communis)  the  embryo  ia  a 

Kiliated  giistnila,  but  leaves  the  egg  in  the 
dult  form.     In  othei'S  there  la  a  complete 
and   most    interesting    metamoqjhosis.      In 
pjevcral  Xemertean  worms  the  egg  undergoes 
ataJ  segmentation  J  leaving  a  segmentation- 
ivity.     The  next  occurrence  is  the  separa- 
Ition  of  a  one-lavered  ciliated  blastoderm,  the  ?"°JlV,?i"  * 

•       ^  '  o,    innmn  ,  a^ 

ectoderm,   which    invaginates,    forming    the  EJ*"^";,;Jj'h***o**^T*' 

primitive   digestive   cavitv,  from   which   the  ^'>***   i''*-    ii't««- 

tomach   and  (esophagus  are   formed.     The  -^."^tyif  ii»  the  pro- 

nrva  (originally  descTibed  under  the  name  of  aiHJve  i\w  o-iiopha- 

iUdium)    is  now   helmet -shaped,   ciliated,  E?in7iia^^,u°jfVSi* 

tb  a  long  lash  (flagellum)  att:K.lted  to  the  SK.:;'^^*? 

erior  end  of  the  body.     (Fig,  U'^.)  i;:;>rr:;U^^^^ 

Alter  iwimming  about  on  tiie  surface  of  gjl^bi^f ■~^'^*'^  *^*" 

aea  a  while,  the  Xem^rfes  begins  to  gi^ow 

iot  from  near  the  oesophagus  of  the  Pilidvuuk     On  each 


Flj?,  J41.  ^  Pro- 
rhyn/ih  u  <t  Jin  riatUig^ 
one  of  lh«  »{m[Meet 


4 


^  tito  nrltim  (r)  of  Ui# 

of    Ui0   skilly  one    , 

^^^^  thieteiiii^  push  ini 
M»  QMiBfiikr  mill  poist«riar  * 
IMiir    become 
Ui©  posterior ;  tb^  p«  4rf 
the  di«k  next  to  tlie  <Bio- 
ptui^s   tiucketi$ ;   at  ilie 
awaie  time  the  ttlimentarT 
of     the     PakltiiB 
smaller,  and  cnl^s 
iwim>w  slit  reiimiua     The 
disJkS  now  divide  into  tvo 
bynfs^    the    outer    moch 
than    the    inncfi 
tbe  anterior  pair  of  j 
imite,  mid  tJie  heaul 
oftb9«0rrr  I  formed, 

«)lMtk#^  1  outlim* 

of  tHe  Hat  worm  is  iudi* 
isalM^  ilid  ap{)eiu*8  eomc^ 
vkil  IS  in  Fig,  U:J.  TUe 
foaal  of  the  PiUdium, 
r  vt  &»  \emerte.«t^  the 
wmm  iaally  seeks  the 

dber  Xemefteaiigs  mre  xery 

Amm  t«l  iW  Annelid}^,  so 

fft  aad  Ihff  tuture  of  tlie 

eimdalorr   srstcm,   tho 

hmm  bfffi  miov«d  from  the 

of  Ik*  flal  ituottk  mild  placed 

near  the  Brnktrnttglmtms  and  fftfpAjrrra,  gs 

wdl  an  the  feeetBca. 

Onfer  L  ^aapb. — la  this  groctp  tho  pro- 

Iwy^s  \s  irtch<mt  a  strte.     The  itpecie«  u( 

Lin^M  and  Mtchelim  afif,  in  eome  casee, 

\fitkeim  ingrn*   Leidy  is  2|  ceDtimetres  (an 

ndi  p  and  altainfl  a  teogtli  of  4  nu*tn?«  (1^  feet)*     U 
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IrVes  nnder  stones  at  or  below  low-water  mark  on  the  coast 
of  Jfew  England  southwards  to  South  Carolina. 

Order  2.  Enopla. — In  the  members  of  this  group  the 
]Ht>boseis  is  furnished  with  a  style.  Bepresentatires  of  the 
order  are  the  species  of  Tetrasteinma  {T.  serpentinum 
Oirard,  Fig.  143)  and  of  Nemertes.  The  former  is  a  little 
yellowish  worm,  common  under  stones  on  the  coast  of  New 
England  between  high  and  low- water  mark ;  it  has  a  slightly 
marked  head  with  four  dark  eye-specks. 


Class  VII.— NEMERTINA. 

Body  ribbon4ike  or  cylindrical,  soft,  extenHble,  ciliated  externally,  with 
a  proboicvt  in  a  sheath  opening  by  a  pore  eitucUed  above  the  mouth,    Cir- 
eulatcry  system  approadiing  that  of  the  Annulata,    Sexual  organs,  duct- 
less sacs;  either  teith  or  without  a  metamorphosis. 
Order  1.  Anopla. — Proboscis  without  a  style.     (Lineus,  Meckella.) 
Order  2.  Enopla, — Proboscis  with  a  style.     (Nemertes,    Malacobdellu.) 


Class  VIII. — Enteropkeusta  {Acorn'tonyne  worms.) 

General  Characters  of  the  Enteropneusta. — The  re- 
markable worm,  Balanoglossus  (Fig.  144),  the  type  of  this 
class,  combines  characters  peculiar  to  itself,  with  features 
reminding  us  of  the  Nemerteans,  Annelids,  Tnnicata,  and 
even  the  vertebrate  Amphioxus,  while  its  free-swimming 
larva,  before  its  history  was  known,  was  supposed  to  be  a 
young  Echinoderm.  It  is  therefore,  like  some  other  worms, 
a  synthetic  or  generalized  type. 

Balanoglossus  aurantiacus  (Girard,  Fig.  144)  is  a  long, 
cylindrical,  soft,  fleshy  worm,  footless,  without  bristles,  but 
with  a  large,  soft,  whitish  tongue-shaped  proboscis  in  front, 
arising  dorsally  within  the  edge  of  the  collar  surrounding 
the  mouth.  At  the  beginning  of  the  digestive  canal  is  a 
series  of  sac-like  folds,  of  whicli  the  upper  or  dorsal  portion 
is  respiratory,  and  se]>arated  by  a  constriction  from  the  lower, 


Tte  wanm  Qtw  in  and  ad  kyv-wmler  mark 
Ami  O^ie  An  lo  Chfllniin,  &  C, 

The  iile-hiilofy  of  ihia  worm  U  hkmI  intenestiiig.  TIm 
7oai>9,  originanj  described  tmder  the  nme  ef  TWmmo, 
WM  siippotid  tn  be  an  Echinoderm  tarra^  llMMiglK  il  dceel; 
ilMiEiblei  Iht  larral  Geph^m  and  Anneiidm.  It  b  a  ttaiia* 
>t,  mmiite,  dilated,  glender,  somewliai  bell-ahaped  fofm 
■t,  145),  with  black  eje-«peckj.  When  transfomiing  to 
^«7n  e^m!ition.  a  pair  of  ^lls  ari^  on  sac-like  mit- 
't  of  the  a'fophagng,  and  afterwards  three  additioQal 
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pun  with  their  external  slits  arise,  somewhat  as  in  Ascidians. 
The  entire  Tomaria  directly  transforms  into  the  worm,  the 
transitional  period  being  very  short.  The  body  lengthens, 
the  collar  and  proboscis  develop,  and  the  worm  eventually  is 
as  seen  in  Fig.  144 ;  afterwards  the  body  lengthens,  the  end 
tapering  and  becoming  much  coiled. 


Class  VIII.— ENTEROPNEUSTA. 

Footieu,  tmoothrhodied  toanm;  wUh  no  brUtlei,  a  large  exterted  9oft 
fit^y  proboteU;  breathing  by  a  eeries  ofdoreal  reepiratory  sacs  opening 
into  the  digestive  canals  and  communicating  externally  by  epiraeles  ;  with 
a  metamorpfioeie,    (BalanogloflBUfl.) 


Class  IX. — Gephyrea  (Siar-woiins). 

Qeneral  Charaotem  of  the  G^phyreans.— The  most  acces- 
sible type  or  representative  of  this  small  but  interesting  group 
of  worms  is  a  large,  smooth,  cylindrical  worm  from  six  to 
ten  inches  long,  which  is  common  in  sand  or  sandy  mud  at 
low-water  mark.  It  is  the  Sipunculus  or  Phascolosoma 
Gouldii  Diesing,  and  from  its  abundance  and  large  size,  as 
well  as  the  ease  with  which  it  can  be  preserved  in  spirits,  is  an 
excellent  subject  for  the  laboratory,  serving  as  an  example  of  a 
very  aberrant  type  of  worm  as  compared  with  the  earth- 
worm, or  with  a  Nereis.  Tlie  body  is  as  smootli  as  a  pipe- 
stem,  and  about  that  size,  unarmed,  Avith  a  circle  of  numer- 
ons  small,  flat,  foliaceous  tentacles  around  the  mouth.  Ou 
laying  open  the  body  from  the  head  to  the  extremity  (Fig. 
146),  the  body-walls  are  seen  to  be  lined  with  fine  longi- 
tudinal flat  muscles,  with  two  unequal  pairs  of  large  white 
retractor  muscles,  the  anterior  third  of  the  body  being 
highly  retractile.  The  intestinal  part  is  found  to  float  free- 
ly, though  anteriorly  attached  to  the  walls  by  a  few  muscu- 
lar threads,  in  the  capacious  body-cavity,  and  is  usually  full 
of  fine  mud.  The  oesophagus  is  long  and  slender,  situated 
between  the  shorter  pair  of  retractor  muscles  •,  iKjhiud  the 
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ineertinn  of  the  nmscles  it  enlat^s,   but  then?  is  i 
sloniiick  ;  it  is  about  twice  the  length  of  the  Vx>dy,  and  i^  Ijcut 

and  twisted  on  itself,  enditig 
dorsally  in  a  vent  marked  by  an 
external  wart,  on  the  tintcriof 
third  of  the  body,  Kem*  this 
point  is  situated  u  piiir  of  largi?, 
long,  gliglitly  twistoil  segnuHitjd 
organ8(«) the  free  ends  of  which 
flare  slightly.  The  uervoua 
sygtem  (/i)  fornix  an  tesophagi^ 
ring,  and  from  it  luisses  a  well* 
marked  ventral  single  cord, 
from  which  at  ^hort  intenali 
pa£8  off  Ismail  short  hiteml 
nerves.  The  va^ular  ftyfrten 
is  represented  by  a  eirenlar 
vessel  lying  next  to  the  ner* 
voug  o38oj)hi4geal  ring,  sending 
bmnchcs  into,  or  at  least  ill 
connnunicatiou  with»  the  can* 
ties  of  the  tentacles,  and  from 
the  ring  pasj^ing  along  and  in* 
timately  connected  with  thedi* 
gestive  tract,  forming  a  mflBo- 
like  organ  (r),  ending  at  a  ptiiat 
nearly  opposite  the  vent  (n). 
Prof.  Orecf  finds  that  the  vas- 
cular gystcm  of  Echinruft  ooti* 
gists  of  two  main  vesaek,  u  A» 
a  dorsal  and  a  ventrml  fond; 

p  14.  -Ann.nn,y  of  Pf.^^o^nu^  ^^'^  ^*>^'"^^^  extending  along  tht 
wii,cuto|K'uw(tin!nfnrtiw  pinned  alimcntarv  canal,  and  sending 

dawn,    tf,  *ip*ofilm4:t<»  ;  d/,  two  «hort  "  .  " 

iinijcre* ;  /« ,  twu  ii»tiK  r  tractor  niu»-  i\  branch  to  the  proboscis,  whcfO 
•Me of  II  it    divides  into  two  brflill 

ctwi;i..''.  „,  each  nniring  with   the  veal 

Kvuimi  niin-Drnwn  by  J.  »/kiii^  vesscl     Tho  blood  w  jMile  yei- 
**^^'  lowish,  with  corpuscles,     Th« 

blood-systi'nt  «»f  the  Gei)byrea.  then,  is  homologatit  wUJi 
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tiiXLt  of  the  Annulaia,  There  is  in  Pha^colosama  no  true 
ovary,  but  the  eggs  float  in  masses  in  the  capacious  body- 
cavity^  the  animal  being  a  hermaphrodite. 

Phoronis  is  from  the  highly  develo|)ed  crown  of  long, 
slender  tentacles,  and  its  complicated  blood-system,  remark- 
ably like  the  Serpulm,  with  which  Annelids  it  is  by  some 
authors  associated.  The  alimentary  tube,  however,  is  like 
that  of  Phascolosomuy  the  intestine  folded  and  ending  next 
to  the  mouth.  !No  nerrous  system  has  been  detected.  A 
pulsating  artery  is  attached  to  the  upper  side  of  the  long 
(esophagus,  and  its  branches  go  into  the  tentacles  from  an 
oesophageal  ring.  "  Two  venous  trunks  open  from  the  sin- 
uses above  and  behind  the  ai'terial  branches,  and  then  pro- 
ceed downwards,  half  encircling  tlie  oesophagus,  till  they 
unite  in  a  large  vessel  on  its  neural  surface."  (Dyster.) 
This  worm  is  minute,  about  four  millimetres  in  length,  and 
lives  in  a  tube  buried  in  holes  in  rocks.  It  has  a  strong  re- 
semblance to  a  Polyzoon,  but  connects  the  Gephyrea  with 
the  true  Annelids. 

In  the  8ipunculus-like  worm  Phaacolosmna,  and  in  PJio- 
roniAy  there  is  a  well-marked  metamori)hosi8,  and  the  larvas 
are  somewhat  like  those  of  Annelids.  The  larva  of  Phas- 
colosoma  is  cylindrical,  the  head  small,  with  a  circle  of  cilia, 
but  there  are  no  arms  as  in  the  larva  of  the  Phoronis. 

The  earliest  observed  stage  of  Phoronis  *  is  a  free-swim- 
ming larva,  the  body  transimrent,  ciliated,  with  an  umbrella- 
like expansion  on  the  head,  covenng  the  region  of  the  mouth, 
w^hile  the  end  of  the  body  is  truncated.  At  this  stage  it  is  a 
true  Cephalula,  like  that  of  Echinoderms  and  worms.  Af- 
terwards four  projections  arise  at  the  end  of  the  body,  and 
twelve  long,  arm-like  projections  grow  out,  the  larv'al  form 
now  being  fully  attained.  In  this  condition  it  was  de- 
scribed as  a  mature  animal  under  the  name  Actinotrocha. 

When  the  Actinotrocha  is  about  to  transform  into  a  Pho- 
ronis the  end  of  the  intestine  bends  up,  opening  outward 

*  In  oar  Outlined  of  Comparativo  Erabryolojry  this  account  of  the 
met&morphosiB  of  Plioronis  is  by  mistake  rejrardt^d  as  descriptivo  of 
Sipunculus  on  pp.  157,  158,  under  Dcrelopmeut  The  word  Phoronis 
on  those  pages  sliould  hi*  aiihatiiutcd  for  Sipimculus. 


Tbe  umbrella  is  gradually  withdrawn 
80  thit  eTenfcaally  only  a  crown  of  short  tooth- 
Kki  pfojeelMMtf  smroundd  the  mouth.  Finally  the  whole 
t§  swaOawed,  the  arms  at  the  end  of  the  body  dis- 
vfaik  the  end  of  the  intestine  project-s  far  out 
froa  tbe  tiody  Whind  the  mouth.  By  this  time  the  Phor^- 
Mv  fotfM  ii  timtkf  indicated,  the  body  being  long  and  slen* 
derattdllM  nKNiUifiirniunded  by  a  crown  of  ghort  tentacles, 
tfM  Md  of  ti«  imttttine  beiiig  eutirely  withdrawn  within  the 
body.  TiKst  diattges  are  rapidly  effected.  The  huna  of 
Bdkimrmt  is  formed  on  the  Annelid  ty^ie. 


in 


(Quatrefages),  the  body  is 
mach  shorter  than  in  /*.  GmU 
dii  ;  the  worm  lives  in  compani* 
tirely  deep  water  (10  to  50  fath- 
oms), in  dead,  deserted  sheUs, 
building  out  the  aperture  by  a 
ooiucal  tiibe  of  sand.  In  Sipun- 
cuius  (Syrini)  the  tentacles  are 
fringtil  or  lubed.  It  does  nut 
occur  in  American  waters. 

In  Echiuru,^  the  intestine  ends 
at  the  end  of  the  body,  and  there 
is  a  circle  of  bristles  at  the  jim- 
terior  end^  while  BontUin  differs 
in  having  !in  euormous  }»roboi<cis, 
and  only  a  few  bristles  near  tho 
head.  In  BonelUa  riridh  RoL 
of  the  Mediterranean  (Fig.  Ii7), 
the  prolioscis  is  deeply  forked; 
the  intestine  is  very  long,  convo- 
luted, and  into  tlie  cloaca  empty 
two  excn*tor\'  organs.  The  oTary 
is  a  cord-like  organ,  which  in  tho 
posterior  ptirt  of  the  body  is  tost' 
ened  to  the  intestine. 

Cliwiodemia  niiidnlum  Loven 
20-10  fathoms  olT  flio  coast  of  Euro^x^  and 
''•w  Engliind.     The  b^xly  i^^  long,  cyliridru-al,  urul 


I 


prolibfldt  cotliKl  ^rvcrai   xim*%.   p, 
loirt  9fi4  of  the  |»mlx>»ci*  ;  *,  ***  fnr- 


Dtiij      •    (  Umv  t  ;    u,  oviduct  — Artn 
i«««te  buthtfscM ;  from  Ot!g«ubftur, 
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coTered  with  slender,  firm,  calcareoas  gpines.  It  has  no 
tentacles,  a  straight  digestiye  canal,  the  Tent  being  terminal, 
and  two  internal  gill-sacs,  with  external  lamellate  gills. 

Instead  of  a  single  nervous  cord,  as  nsnal  in  the  Gepkyrea^ 
in  Chaioderma  there  are  two  separate  nenrc-cords,  one  on 
each  side  of  the  body.  The  Oephyrea  were  formerly  asso- 
ciated with  the  Echinodorms,  bnt  the  resemblance  is  only  a 
snperficial  one. 


Class  IX.— <}EPHTREA. 

Body  long,  eyUndrical,  §moo(k^  or  tpinjf,  or  provided  with  brittie$,  not 
mgmenied;  tutwdiy  a  large  proboede,  but  none  in  Phaeeoloeoma ;  tent 
either  terminal  or.eituated  doreaUy  on  the  anterior  end  of  the  body.  A 
true  blood-fiyttem  homologoue  with  that  of  the  Annvlata.  Biaexual  or 
hermaphroditic  ;  young  of  the  Annelid  type,  undergoing  a  metamorpho- 
de.  (Chaetoderma,  Phascolosomft,  Sipunculas,  Bonellia,  EcUiaras,  and 
Phoronis.) 

Laboratory  Work. — ^TUe  common  star-worm,  Phaecoloeoma,  is  one 
of  the  easiest  worms  to  dissect,  as  it  can  be  readily  laid  open  with 
the  sciasors,  and  the  skin  pinned  down  on  the  bottom  of  the  dissectingr 
troajrh,  when  the  parts  can  be  readily  distingruished,  its  structure  being 
nnusually  simple. 


Class  X. — ^Annulata  {Leeches y  Earth-worms^  and 
Sea-worm^). 

General  Characters  of  the  Annnlata. — This  group,  rep- 
resented by  the  leeches,  earth-worms,  and  nereids  or  bristled 
sea-worms,  tops  the  series  of  tlie  classes  of  worms,  and  in 
the  highly  specialized,  regularly  segmented  bodies,  with  their 
sense-organs  and  highly  differentiated  appendages,  stand 
nearer  the  Crustacea  and  Insecta  than  any  other  class  of  in- 
vertebrate animals,  their  internal  organization  on  the  whole 
being  nearly  as  complicated. 

Reference  to  the  accompanying  diagram  (Fig.  148)  will 
show  the  general  relation  of  the  organs  of  an  Annelid  to  the 
body-walls,  as  compared  with  corresponding  parts,  when  seen 
in  sections  of  Amphioxus  and  a  fish. 


226 


zooLoor, 


The  student,  in  familiarizing  himrK?lf  with  th' 
and  mode  of  growtk  of  the  Iceuhj  the  common  » 


Pig.  14ft.— Transverse  TOCtioti  of  A  worm,  of  Amp 
coDtnuit«<L  a^  ^kio  ;  b,  donnai  connect  Wi^  hiycr;  c, 
BTlesia},  and  l*  venouii  blood-vesul ;  £r»  UiietOAe ;  /, 


^tJML 


and  the  Nereis,  will  obtain  a  good  idea  of  the  ©ssenti 
acteristics  of  tlie  entire  cltu^s. 

Order  1,  Hirudiimi. — In  tho  leech  (Fig.  149),  Hintdo 
medidnalis  Linn,,  the  type  of  the  first  and  lower  onler,  the 
body  18  somewliat  flattened  and  divided  into  numerous  shtirt, 
indistinctly  marked  segments,  not  bearing  any  bristles  or 
iijvpendages.  The  hetul  iti  enml!,  with  no  a|»i»endttges,  U'jir- 
ing  live  iiairs  of  simple  eyes,  while  each  end  of  the  body  ter- 
minates in  u  sncker.  The  mouth  ig  armed  internally  wiUi 
three  pharvngeul  teeth  arranged  in  a  trirmlial  manner,  to 
that  the  wound  made  in  the  flesh  of  persons  to  whom  the 
leech  i«  applied  consists  of  three  short,  deep  gsi»hes  nuliating 
from  a  common  centre.  The  fetomaeh  (Fig.  150)  is  large, 
with  large  lateral  diverticula  or  lobes,  while  the  intestine  is 
email.  Tho  nervous  system  consists  of  a  **  bniiii"  and  vr-n. 
tnd  ganglionated  cord* 

The  vascular  m'tem  is  complicated,  enusisnng  of  w  me* 
dorsal  and  a  ventral  VfSfiel,  and  two  hiteral  vciMk'U  ;  all  ll 
anaatomoao  or  interbranch,  and   the  bl<RHi   which   ooiuftf 
through  them  i^  red,  but  isj  said  to  contain  no  coqiusdeii. 

The  Kcgmental  organs^  ho  characteristic  of  the  Ann\ 
are  well  drvelofM'd  in  the  lecchp  consisting  of  ahoat  serenl 
]>airs  of  tuljes  ojiening  jit  one  end  at  reguhir  iuterrab  cm 
under  side  of  the  Ixnly,  and  eniling  in  a  uon-oiluUed  ooil 
(Fig,  149,  r)  in  the  lecclu  or  in  the  smaller  flsh-leoch,  Cifj^- 
tfiuef  ojion  into  the  venous  sinu^  by  ciliated »  tijicn  months* 
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Tnri!tdn>il   leech ; 


^*»t%#  tu^yiAdi. 
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The  leec'h  k  lieniiuplinHlitic^  while  in  certain  ullii-il  ti^rr^* 
(HistriobdeUa,  etc.)  the  sexes  are  distinct 

The  eggs  of  leeches  are  luitl  in  saes,  or,  as  in  C/'  jc 

fish-leceh,  are  covered  with  a  transparent  fluid  -  e, 

which  hardens  and  envelops  the  eggs.  The  Clepnin4  re- 
mains over  the  eggs  to  protect  them  until  they  hatch ;  and 
the  young,  after  exclusion,  fix  themselves  to  the  under  side 
of  the  parent,  and  are  thus  borne  about  until  they  are  fully 
develoj>ed  and  able  to  provide  for  themselves  (Whit man •). 
The  changes  in  the  ^gg  of  Chpsine,  after  fertilization,  af$ 
very  complicated,  and  have  been  described  by  Whitmuu 
The  egg  subdivides  into  a  bilateral  mass  of  cells  called  a 
hlmtula  ;\  agastrula,  and  finally  a  **nenrula"  stage,  charao- 
terized  by  the  formation  of  a  *' primitive  band**  like  that  of 
insect  embryos.  Soon  after  attaining  the  latter  stage  tlie 
embryo  hatches  and  attaches  itself  to  it^  parent.  The  moath 
is  tlion  formed,  the  nervous  gystemj  ariscj  from  the  ecto- 
derm, the  segments  are  indicated,  the  original  nujnlxjr  being 
thirty-three»  the  stgmcntul  organs  develop  from  the  meeo- 
dorm  at  about  the  time  uf  hatching,  and  about  sir  days  after 
the  neurula  leaves  the  egg  the  eyes  become  visible.  The 
innermost  germ-hiyer  (enduderm)  does  not  arise  until  eight 
days  after  hatching,  and  by  this  time  the  digestive  tract  ii 
perfected  ;  the  muscular  wall>4  of  the  alimentary  cao^l  beiaf 
derived  from  the  mesoderm, 

**  The  Embrjologf  of  ClepAlne.  Bf  C.  0.  Whitmmo,  QuArterif 
Journal  of  Microwopioil  Science,     July,  1878. 

f  VVhUtnjLn  stjitea  tti&t  a  morula,  te  d«(iii<Ml  by  Hmf^kcl,  does  aot 
occur  ill  tlie  dev«lopiaental  history  of  Cltjmne,  and  Ue  8t«i«!«  Uiat  wUmi 
die  deav&^e  proeese  of  tlie  egg  has  been  carefuny  studied  it  Uas  b«ni 
found  to  result  in  the  production  of  a  bilateral  ^rm  or  b^ojf  i/Ia,  mad 
not  a  morula.  "*A  solid  8plier«  of  indiflferent  c*?IIb*  Ih,  lo  aaj  tiit 
]oiiHt«  a  very  improbable  form,  ao  improbable  that  its  eifstenov  l&aj  bi 
held  questionable  until  established  by  poeitiire  eTideoe44.  Th«  ilo«1il 
la  all  the  more  jtiBtiflable,  as  more  careful  investigation  has  In  many 
caaes  already  shown  that  the  so-called  mulberrif  Mioffi  ia  not  a  morula^ 
but  a  blast ula  or  even  a  g^trula/*    (Whitnuui.) 

\  There  is  orig-inally  a  pair  of  frsnglia  tn  ««cU  of  the  ttiUfy4]if«9 
pegments  ;  four  of  these  are  consolidated  into  the  su basaopUagtal  gan* 
glia*  ei|;ht  In  the  gnnj^Ua  of  the  disk,  and  four  In  the  terminal  gmnglfft 
of  the  body.    (Whitman.) 
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ng  Uie  subeoH  to  the  surface  and  allowing  tlie 
ip*  to  the  roote  of  plants,  they  occasionally  injure 
seedliiig  cabbiige,  lettuce,  beets»  etc.,  drawing  them 
th^  night  into  their  holes,  or  uprooting  them- 
next  and  highest  type  of  Annulata  is  the  common 
of  our  coa<6t.  Nereis  tnrens  Sars*  It  lives  between 
ks  in  holes  in  the  mud,  and  can  be  readily  obtained. 
dy,  after  the  head,  eyes,  tentacles  and  bristle-bearing 
€  been  c»refnlly  studied,  can  be  opened  along  the 
m  pair  of  fine  scissors  and  tlie  dorsal  aixd  venti'al  red 
with  their  connecting  branches  observed,  as 
ihe  alimentary  canal  and  the  nervous  gystem* 
inatomy  of  this  worm  has  been  described  by  Mr,  F, 
libull.  It  is  Tery  voracious,  thrusting  out  its  pharynx 
g  its  prey  with  its  two  large  pharyngeal  teeth.  It 
,  TiBcid  fluid  lining  its  hole,  up  which  it  moves, 
[  itself  along 
bristles    and  /' 

At     night, 

T  dtiring  the 

i  n  g    season, 

are    their 

wimming  on 

«^    the 

T 

Tbody  condiJis 
I  one  hundred 
Ihimdred  aeg- 
The  head 
of  two  Beg' 
the  anterior 
_,  the  for- 

#^»-    «rr..  FU?.  let-^Vertlcftl  iecUoo  tbroaphthe  integument 

lour    eyes  ^f  ,„  Annelid    iSpfuxnxiorum).     c,   thick  cnUculnr 

w^lm^      r^t  ^                    rhc  pOfc-cannUi;  «.  raUJCiilftr   hiyer ;  m^ 

pairs     OI  i|,<sbrtetle«,  #,  which  retTBcl  tbe  ctnitral 

Tk*»    tu^n  1                   i^»I«  other*  p«m  to  ItJi  dorwil  glandulwr 

i.II«    IM?C-  projc  non,  d.-AftCT  Geg«ibtux. 

eol    bears 

nse  (tentacular  cirri).    Each  of  the  other  segments 
ir  of  jmdd!e-!ike  appendageB  (rami),  which  ma^  \)G 
by  examining  one  of  the  middle  segments  ^ViCik 
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i  faooi  tiie  otlifin.     For  the  finer  strat 
o(dieloif^dtmf!«.  152. 

Tki  ifismlvf  cbmI  rwtMMta  of  a  month,  a  pharmx 
mmmk  wilik  two  bn^  teeth  And  much  smaller  one&.  The 
phaijnx  IB  eDiirelj  eTerted  daring  the  act  of  taking  \u  food 
ittto  tha  q— iphagan  enptj  two  large  salivary  glimds :  the 
naMiadar  itf  tlM  alnMataij  canal  is  straight  and  tubokr* 
Tks  eifwililiwy  afitem  is  Terj  complicated ;  it  id  closed  and 
tka  Uooi  it  iwd.  Botk  die  dorsal  and  yentral  vessels  are 
cmlnotik^  tlia  Uood  floving  forward  in  the  dorsal  TesaeL 
and  bwekwaid  m  the  Tentnl  TesseL  The  two  small  Tessela, 
one  cm  eeeh  side,  m  each  segment  of  the  body,  branch  of 
from  the  rential  Tessd  and  sribdiYide,  each  sending  a  branch 
to  the  TBDtrml  ramns  of  the  foot  of  the  segment  behind,  and 
another  luger  Iwanch  aronnd  the  intestine  to  the  dorsal  Tes- 
sel,  reoeiiing  abo,  on  its  way,  a  Tessel  from  Uie  upper  ramus 
of  the  foot  dt  its  own  segment.  ''  Besides  these  principal 
lateral  TenelB»  there  are  fire  other  yessels  on  each  side 
in  each  s^ment,  coming  finom  the  yentral  Teasels  These 
form  a  loose  but  regular  net-work  that  surrounds  the  in- 
testine and  is  connected  with  five  other  convoluted  vesdebi 
which  join  the  dorsal  TesseL  This  net-work  on  the  inteatine 
probably  supplies  the  hepatic  organ  with  material  for  its 
secretion,  and  very  likely  may  receive  nutritive  material  from 
the  digested  food. "     (fumbull. ) 

The  blood  is  a§rated  in  the  finer  vessels  of  the  oar-like  Iset 
and  in  those  situated  about  the  alimentary  canal.  The 
nervous  system  consists  of  the  **  brain"  and  venti-al  double 
ganglionated  cord. 

The  sexes  of  yereis  tnrens  are  separate ;  the  eggs  during 
the  breeding  season  fill  the  body-cavity,  and  pass  out  through 
certain  of  the  segmental  organs,  which  act  as  oviducts,  while 
others,  probably  the  more  anterior  ones,  are  excretory,  like 
the  kidneys  of  vertebrates,  as  urea  has  been  detected  in  them. 
Tliese  organs  are  situated  at  the  base  of  the  lower  ramn»  af 
each  foot.  In  some  species  of  the  CapUelUdm  Eisig  \\\\&  ftnuid 
that  it  is  normal  for  several  segmental  organs  to  be  present 
gl©  segment. 
I  the  mode  of  developm^ut  ot  ^>xt  Nereis  has  not 
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been  studied^  the  eggs  are  probably  laid  in  masdee  between 
tide*marks,  and  the  young,  when  hatched,  swim  freely  on 
the  surface  of  the  sea.  The  eggs  of  other  worms  are  carried 
aboat  in  lat^^ral  pouehe?.  The  germ  undergoes  a  cleavage 
phise  and  a  gagtrula  stage.  We  liave  observetl,  in  Salem 
htAor,  the  development  of  Polydora  (probably  P.  ciUatum 
Ckp.)  which  may  be  found  in  August,  in  all  stages,  on  the 


Vli^n^^.  euilett  obteired  fltife  ^  Wlytgoftf ;  B^  C«p{itlttU  at«ce ;  €  ana  A 

surface  of  the  water.  When  first  observed  (Fig,  153,  A)  the 
body  was  spherical,  with  a  short,  broad  intestine,  and  two 
aeta  of  large  locomotive  bristles.  It  then  passed  into  the 
oepbalLila  state,  the  head  clearly  indicated  and  forming  a 
lajB^  hood.  This  stage  is  seen  at  B,  which  represents  the 
ttiider  side  of  the  cephalula,  the  month  being  situated  be- 
tween the  two  large  ciliated  flaps  (like  the  velum  of  larval 
moUoaks)  of  the  hood ;  the  body  is  now  segmented,  with  a 
third  set  of  bristles  and  a  band  of  cilia  on  the  penultimate 
•egment ;  afterwards  as  at  (7,  dorsal  view,  additional  rings 
are  present ;  the  eyes  are  distinguishable,  and  there  are  two 
more  seta  of  hriBilm.     The  new  segments  are,  as  vmsX  m  ^ 
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articelatea,  interpolated  l>etween   the  penultimttie  mid 
niinal   segmcDts  of  the   body.     At   D,  the  body  ia 
jointed,  the  tentacles  well  developed,  the  large  temj 
liristles  have  been  discarded,  and  the  worm  can  be  ideat 
as  a  young  Foli/dora, 

It  is  jirobable  that  PoJydora  \B  hatched  as  a  trocho^h^ 
like   that  of  Polifzoa,  Brachiopoda  and  certain  moUt; 
The  young  TerebreUides  Stroemiit  and  of  Lut 

are  at  first  trochoepheree,  t.  e.,  the  free- 
germ  is  spherical,  with  a  zone  of  ciliii,  two 
spots,  and  no  bristles.    Thus  the  earliest  i 
Polyzoa,  Brachiopoda,  LamelUbranchiata^Oa 
poda,  and  even  of  a  Cephalopod  (Fig.  *^20),  Nemef 
fig.  iM,-  *^^^^»  ^^^^  Annelidee  arc  almost  identical*     Fa 
^vUodoc^-  ^^'^g  ^^  ^'^i^^^  doTelopmental  history,  the  cepl 
Aijff  A.  A«.  lula  of  the  AnneUdes  (Fig.  153,  A,  B,  and  154; 
Js  like  that  of  ceilain  Eohinoderms   (Tig.  155), 
Ofphyrea,    Pohjzoa,    Brachiopoda,  and  MoUusca,     It 
here  be  ob&erved  that  the  free^swimming  larvae  of  these 
of  invertebrate  animala  are  tho  young  of  more  or 


Plff.  15&.— Cepb&lntft  tUge  of  EchlnodemiB  tod  Worms.  Ist4fml  y^tm. 
tbarittn,  S,  StarH«h,  C,  A  of  AfineHdea, 

(K  monih :  L  >toin»ch ;  a,  todI  ;  v.  i^rvonJ  elll«t«<l  btlul.  In  ^*  C,  A 
In  A  •arroatMllng  An  oral  region.— Fram  OvgmtMiir. 

parents.     In  this  way  the  species  beoomefl  widely  dia 
^Iributed  throngh  the  action  of  the  marine  oturreDts,  aii4 
doee  in-and-in  breeding  is  prevented. 

Certain  Annelides  sometimes  multiply  by  sdf-diTidDdif 
being  called  strobiUUion,   This  is  oominoiily 
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the  fresh-water  worm  XaCs,  also  in  SyUis  and  Mgrianida, 

well  as  in  Fihgrana^  Protula^  etc,     Autolytus^  a  com- 

lium  worm  un  the  cvmi  of  Kew  Etigland^  produces  one  gen- 

1  by  budding  (pju'tlienogenesis).     There  is,  in  fact,  an 

lition  of   generutious,  an  asexual   AufolytuH^    gi^'ing 


.134k 
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^^^/-'AnnpMtHi*  rtrrato,  eolArged  twice.    b„  braucliia ;  e„  imclDU  enlarged  50Q 
>* — After  Miiiovireii, 

to  a  brood  of  males  and  females,  the  sexual  and  asexual 
being  so  unlike  each  other  as  to  have  been  mistaken 
»r  different  gpecie«  and  even  genera. 
In  Syllu  iiJid  allied  certain  long,  slender  processes  of  the 
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feet  are  jointed,  thus  anticipating  the  jointed  appendagei 
the  Crustacea  and  Insects. 

The  Aimelides  are  divided  into  two  suborders.     The  i 
^MhovA^T^OUgochmiu^  comprises  Luvibricua,  Nais,  etc*,  ^ 
the  second  suborder,  Chmiopoda,  oxnbnbcea  Syllis,  AutalghuA 
Nereis,  Poii/dora,  Aphrodite,  and  Pohjnoey  which  are  fre^l 
awimming,  while  the  tubienlons  worms  which  reapire  by  i 


FW.  168. 

fir,  IfU^'-'CUtmidti  OtmidU,  tad  iU  tabe.— After  YerrllL 
Fig.  IM.-FnehmtStffttM,  «iiUi9fd.-AII«r  V«nilU 
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cial  branchiae,  or  gills*  on  the  head,  lire  in  tubes  of  mmi 
in  limestone  shells.     Those  which  live  in  sand  or  tiiud*tii| 
are  Cirratulm  (Fig.  160),  ClymemimA  Cl^mmeUa  (Fig, 
which  \\i\&  no  branchice,  AmphifrUe  (Fig.   157)j  TVi 
Cutenides  (Fig,    158),  Sahella,  and  EuekafU  (Fig.   169) 
while  Protula,  Filograna^  Serpuh  and  S^rorkis  iecrett 
more  or  lc«8  coiled  limestone  tnbes.     The  large  flolid 
of  the  Serpulas  assist  materially  in  building  up  oonJ 
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eqieciaQy  on  the  coast  of  BraziL  The  minnte  naatilas-like 
flhellB  of  Spirorbifl  liye  attached  to  the  fronds  of  sea-weeds, 
especially  the  different  kinds  of  Fncos. 


Fig.  leo.—arratulut  grantUt.—After  Verrlll. 

Many  sea-worms  are  highly  phosphorescent, the  light  emit- 
ted being  intensely  green.  The  tracks  of  worms  like  the 
Nereis  of  to-day  occur  in  the  lower  Silurian  slates ;  their 
bristles,  however,  were  spinulose,  as  in  the  larval  worms. 
Thus  the  type,  though  highly  specialized,  has,  unlike  most 
specialized  groups,  a  high  antiquity,  the  specialized  Anne- 
Hdes  existing  side  by  side  with  the  generalized  Polyzoa  and 
Brachiopoda.  At  the  present  time  the  Annelides  are  widely 
distributed  in  the  seas  of  the  globe,  the  tropical  forms  being 
exceedingly  abundant  among  coral  stocks  and  in  sponges, 
while  the  arctic  seas  abound  with  Annelid  life.  They  also 
sparingly  exist  at  great  depths,  one  species  of  a  worm  allied 
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to  Clymm$^  baring  been  dredged  by  the  Ch^enger 
tioQ  at  the  euormouB  depth  of  over  three  miled  (aboat 
metres). 


Clam  X— ANNULATA. 

Body  long,  hUaUraUy  tymmeirical,  tyUndrieal,  ^^rndulk^  ^nun 

itegmeiiU,  eiifier  unarmed,  or  more  usually  provided  wit/i  ut<B  aloru  or  ttHk 

uf4B  and  paddU-Ukl  appendages  {rami).    Bead  nmple,  teiih  a  few  dmpk 

eytt,  or  provided  isith  tetUactcM  {anUnno!)  aloru,  or  uith  UniatUa^nd  brm^ 

ehuB,  A  n  eversitde  phary  u x,  armed  wUh  tuih,  UMuaUy  preeent,  AUmfnimy 

9yH&m  itraighi,  t/i^  inbtiiar  tiomaeh  wm^tifn^t  eaeculaUd;  wni  alwagt 

iUnated  in  the  laH  stgv^nt  of  the  body,     NerwuM  ty^tm  ««d2  <fanfayd» 

eofimting  of  a  brain  and  ventral  gnngUonaUd  eord.     Oireulaiorg  i 

)eio§6d,  wUh  a  doreat  and  ventral  and  tai&ral  MiMlf  eonneeUd  h§  t 

tmo^i/^g  branehee  in  nearty  eaeh  eegmenl.    A  eytitem  af  wiimeniitf  \ 

\mgminUil  organs,     fiexet  untied  or  iiepa rate.     Embryo 

\  eiea/vage§iage  {morula  or  bk^ula)^  gastrula,  mrneHmsi  ^  nmtrmta  i 
Imnd  ofUfF  haicMng,  development  ia  eUher  direct  or  iherfe  is  a  marked  m4* 
tmmevphaeie,  the  larva  paedng  through  a  tfoehoaphere  rnnd  cephMtB 
Mage. 

Or*Ur  h  Birudinea.—TMy  unarmed,  finely  segrnieQt^  ;  wUh  •  po9- 
teHor  sucker     (Hlrudo,  Nepbelia.) 

^Order%.  -4niwlwfe#.— Suborder  1.  0%<»f A/i-f/i  (Lumbricu»,  NiitX  B*fc» 
Older  2.—OhtBtopoda  (Arenicola,  SylUa,  Aatoljtu^  AplU^ 
dlt«,  PolynoS,  AmpbHHte,  Terebrella,  SftbelU,  SoriMBdi^ 
SptrorbU). 

Tabitxjle  Vikw  of  tos  Ci.A8«bs  or  W011M8  (V] 

Annnlatu. 

Braehiopoda, 

Mniervpnftma,  Polyoa. 

Gephyrea, 


Nemertina. 


YsilMSa. 


238 


eooLoor. 


to  Cl^mene,  having  been  drwlged  by  the  Challenger  Expedul 
tioa  lit  the  euormous  depth  of  over  three  miles  (about  SOIN)  ] 

uietrefl)» 


Class  X.— ANNULATA. 

BodjfUmff,  hUai^raUy  $j/mmctncal,  esflindrieal,  etmnMingrf 
aeffmenU,  either  unarmed,  or  more  utualig  provided  ^mih  Mta  oUms  &r  wHQk 
Hia  and  paddle^liki  appendages  {rami),    Htad  dmpU,  mth  a  fm 
fifes,  or  pnmded  wUh  tejUacte*  {antsntiai)  alone,  or  ui£/i  Uniaeiuamd 
ehuB,  A  n  t'termbU  phanynx,  armM  with  Ueth^  vmioi^  pr$imU*  A 
ityat/fm  siraigM,  the  tubular  tiomaeh  eometimee  ioeeuiated;  wnl 
ntuated  in  the  laH  segment  of  the  body.     Nero&ue  system  IO0Q 
eormMing  of  a  bnUfk  and  wniral  ganglionaied  cord,     drmtaiorf 
dosed,  mth  a  dorsal  and  antral  and  lateral  vessels  eonneried  ly 
mosing  branches  in  nearl$f  eaek  segment.    A  egstem  of  num^roms 
segmental  organs,    Beaaes  united  or  separate.     Bmhrgo  pasaimg  tk\ 
a  deaieage-elage  {mimda  orUastuJUi),  gastrula,  sometimes  a  newrda 
and  after  hatching,  dsedepment  is  either  dire<^  or  there  it  a  marltsd 
amorphom,  the  ksnoa  passing  through  a  troehosphere  and 
stage. 

Order  1.  Hirudineti. — Body  unarmed,  finely  aegiDented  ;  with  %  fa» 

terior  Slicker.     (Hirudo,  Nephelia.) 

Orders.  AnneUdes^—EiihoTder  I,  0%o«?/i/rfa (I.onihriciit, NalB).     811^ 

ordor  2. — 4Jh(Hopt>da  (Arfnicola^  Syllis,  Autolytua^  Apluo- 
dlte,  Poljuo*?,  Araphitrite,  Ten;brella,  S»MU,  Serpol^ 
SpirorbU). 

TABmiAB  VtJEW  OW  THE  CLABBKS  UK   WORKB  (TKBMBSV 

Ann^kda, 

BraeJtiopoda^ 

Polf/soa. 


fnteropneusla. 

Tuftir/itn. 


OephffTea. 


Balat4»ria, 


Memertinia. 


Kemntelmintkes, 

Platifhslmimihsi 


J 


Ywimmt. 
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Laiberat»r$  Wcfk, — Womui  sLonld  be  diHweted  «!  onoe  after  be- 
iB|^  killed  bj  elhw  or  in  alcohol,  before  the  drealaiion  has  ceaaed ; 
and  trsnaYttse  aectiona  made  to  obeerye  the  relation  of  the  appendages 
to  the  body-walla,  and  of  the  different  STstems  within  the  bodj-walls. 
The  worms  shoold  also  be  hardened  in  alcohol,  and  thin  sections 
sbdned  with  carmine  be  made  for  histological  stnd j.  A  portion  of  the 
worm  can  be  pnt  in  p^fff"**  and  slioed  bj  hand  with  the  razor  or  bj 
the  miciotOBiQii 


Anphltrite  omftUk 


an  I 


CHAPTER  VL 

BRANCH  VI.— MOLLUSOA. 

General  Characters  of  MolluBkfl. — The  characters  which 
separate  this  branch  from  the  others^  especially  the  Virmm 
are  much  less  trenchant  than  those  peculiar  to  other  gnmpi 
of  the  same  rank,  and  indeed  the  author  only  retains  thu 
Hollusks  as  a  special  branch  in  deference  to  the 
usage  of  soologiats,  believing  that  the  MoUu$ea  are  pt^AMtf 
only  a  highly  specialized  group  of  VermM^  where  they 
originally  placed  by  LinnsBus,  and  bearing  much  the 
relation  to  the  true  worms  aa  do  the  Rotatoria^  the  Tbnt- 
cutat  the  Brachiopoda,  etc.  It  will  be  seen  from  the  fol- 
lowing account  of  the  mollusks,  that  they  trayel  along^  ^Pf^V** 
ently,  the  same  developmental  road  as  the  genuine  W( 
and  then  suddenly  diverge^  and  the  diyergence  is  not 
vance  in  a  parallel  direction,  but  if  anything  the  road 
back,  or,  to  change  the  simile,  the  branch  of  the 
logical  tree  bends  downwards*  It  is,  and  always  hiu  been, 
extremely  difficult  to  define  the  MoVusca,  their  original 
hilateral  symmetry  being  partially  effaced  in  most  of  tbM 
Gastropoda  and  in  some  LameUibranchs,  i.  s.,  in  IhiMi 
Gastropods  with  a  spiraUy^tidsted  shell  like  the  snail,  or  ia 
fixed  bivalve  forms  like  the  oyster,  etc.  The  MoUusca  am 
usually  defined  as  animals  with  laterally  symmetrical, 
jointed  bodies  protected  by  a  shell,  with  a  foot  or 
disk,  and  usually  with  lamellate  gills,  which  are  folds  of 
mjiiitle  or  body-walls.  The  special  organs  oharacterisiiig 
tlie  Mollusks  are  the  foot  and,  hi  nearly  all  except  LameU 
libranchs,  the  odontophore ;  but  the  foot  of  a  snail  b  limply 
a  modification  of  the  under  lip,  and  in  reality  in  many  fonw 
but  a  specialized  ventral  gurface,  as  is  that  of  certain  non- 
segmented  worms,  like  the  Planarians  and  Nomerteaos ;  whili 


MORPHOLOQT  OF  M0LLU8K&  241 

the  odontophore  or  lingaal  ribbon,  often  absent,  is  appar- 
entlj  a  modification  of  the  pharyngeal  teeth  of  Annelides. 
Mollosks  in  general  have  a  heart  consisting  of  a  yentricle 
and  one  or  two  auricles,  and  in  this  respect  they  are  more 
like  the  Vertebrates  than  other  inyertebrated  animals ;  the 
highly  deyeloped  eye  of  the  squids  and  their  imperfect  car- 
tilaginous brain-box  are  also  special  characters  analogous  to 
the  eye  and  brain-box  of  Vertebrates.     Still  these  features 
are  not  homologous  with  the  corresponding  parts  in  the 
Vertebrates,  and  we  have  abeady  seen  that  the  Tuntcaia. 
and  eyen  the  Annelides,  are  much  more  closely  allied  to  the 
V&rtebraia  than  are  the  MoUusks,  which  should,  perhaps, 
be  interpolated  between  the  Brachiopods  and  Tunicatcs. 
The  a£Bnities  of  the  Mollusks  are,  then,  decidedly  with  the 
worms,  rather  than  with  the  Vertebrates. 

That  the  MoUusca  are  a  highly  specialized  and  compara- 
tively modem  group  is  shown  by  the  fact  that  they  began 
to  abound  after  the  Brachiopods  had  had  their  day  in  the 
Silurian  seas,  and  had  begun  to  decay  and  die  out  as  a  type ; 
the  shelled  MoUusca  supplanted  the  shelled  Vermes  or  Brachi- 
opoda.  For  the  upper  Siluiian  period,  and  those  later,  the 
Mollusks  proye  useful  as  geological  time-marks,  especially  in 
the  Cainozoic  period,  and  so  much  so  that  Lyell  based  his 
divisions  of  Tertiary  time  mainly  on  the  shells  which  abound 
in  Tertiary  strata. 

Although  morphologically  the  shell  of  a  Mollusk  is  not 
the  most  important  feature  of  the  animal,  it  is  very  charac- 
teristic of  them  and  of  great  use  in  distinguishing  the  species 
of  existing,  but  more  especially  of  fossil,  forms ;  still  it  is 
liable  to  great  yariation,  and  mollusks  of  quite  different 
families,  and  even  orders,  sometimes  have  shells  much  alike, 
ao  that  the  characters  of  shells,  like  many  of  those  drawn 
from  the  peripheral  parts  of  the  body,  are  liable  oftentimes 
to  mislead  the  student.     That  the  MoUusca  are  a  highly 
specialized  group  is  also  seen  by  the  enormous  number  of 
adating  species,  and  their  wide  geographical  and  bathymet- 
4  range.     There  are  about  20,000  living  and  19,000 
qiedea  known,  and  the  group  ranks  next  to  the 
faueQta,  also  a  comparatively  recent  and  highly 


3]>ecializ6d   group,   in  the  number    of  species  and 

ridaala. 


I 


I 


CLASS  I* — liAiTELLiBiiANCHiATA  {AcBpholay  Bwolnei}, 

General  CharaotarB  of  Iiamellibranohfl — This  group  k 

represeuteil  by  tii€  oyster,  clam,  mussel,  quohog,  gcaUop^ 
etc*  By  a  study  of  the  common  clam  (My a  arenaria  Linn.) 
one  can  obtain  a  fair  idea  of  the  anatomy  of  the  entire  class, 
as  it  is  a  homogeneoua  and  well-circumscribed  group.  The 
clam  is  entirely  protected  by  a  pair  of  solid  limestone  shells, 
connected  by  a  hinge,  consisting  of  a  large  tooth  (in  most 
bivalves  there  are  three  teeth)  and  ligament  (Fig.  161  C  l). 
The  shells  are  equi%*alve,  or  with  both  valves  alike,  but  not 
equilateral,  one  end  (the  anterior)  being  distinguishable  from 
the  other  or  posterior,  the  clam  burrowing  into  the  mud  by  M 
the  anterior  end,  that  containing  the  mouth  of  the  mollusk.  ■ 
The  hinge  is  situated  directly  over  the  heart,  and  is  there- 
fore  dorsal  or  hseniaL  On  the  interior  of  the  shells  are  the 
two  round  muscular  impressions  made  by  the  two  adductor 
muscles  and  the  pallial  impression,  parallel  to  the  edge  of 
the  shell,  made  by  the  thickened  edge  of  the  mantle.  On 
carefully  opening  the  shell,  by  dividing  the  two  addoct4Dr 
muscles,  and  lading  the  animal  on  one  side  in  a  dissecting 
trough  filled  with  water,  and  removing  the  upper  valve,  the 
mantle  or  body-walls  will  be  disclosed  ;  the  edge  is  mnch 
thickened,  while  within,  the  mantle  where  it  covers  the  el- 
liptical rounded  body  is  very  thin.  The  so-called  black 
head,  or  siphon,  is  divided  by  a  partition  into  two  tubes,  the 
upper,  or  that  on  the  hinge  or  dorsal  side,  being  excurrent, 
the  lower  and  larger  being  incurrent — a  current  of  sea-water 
laden  with  minute  forms  of  life  passing  into  it  Each  orifice 
is  surrounded  with  a  circle  of  short  tentacles.  This  siphon 
ii  a  tubular  prolongation  of  the  mantle-edge,  and  is  very  ex- 
'•»»8ible,  as  seen  in  Fig.  161,  A  ;  it  is  extended,  when  the 
n  ifl  titi*ligturbed,  from  near  the  bottom  of  it^  hole  to  the 
-bottom.  In  the  fresh- water  mussel  (Unio, 
ro  siphonal  openings  are  above  the  level  of 
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fhi  mnAy  bottom  of  the  wmter,  when  the  miunel  ts  plough- 


mg  its  way  through  the 
■ad  with  ltd   tongae- 
dbqsed  feoiy  which  is  a 
voBcnlttr  curgaa  attach- 
id  to  the  Tisceral  mass, 
aad  is  a    modification 
of  the  under  Up  of  the 
knal  molloik.    In  the 
fsot  ifl  ao  orifice  for 
flie  passage  in  and  oat 
«f  watoTp  hnl  the  sport- 
iag  of  water  from  the 
dam's    hole,    obserred 
ta   walking    over   the 
flats, ii  the  stream  eject- 
ed  from    the   siphon* 
The  inflowiug  currents 
of  water  pass  from  the 
hmereDd  of  the  mtiB- 
ealir  eiphon  below  the 
kotacnlar  Ti&ceral  mass 
month,  which  is 
at  the  anterior 
1  qI  \}\e  «hell,  oppo- 
ril0  the  siphon.     The 
^^pming  18  simple,  un- 
Ded,    without    lips, 
often   difficult  to 
On  each  side 
[«f  the  mouth  h  a  pair 
I  dt  flat,  narrow-pointed 
[ippMidsges  caOed  pal- 
Ifi.   The  digentiTD  ca- 
ul {Mssea    through    a 
^k    rounded    mass^ 
niortly    eonfrigting    of 
the  liter,  covered  ei- 
ttniilly  by  the  ovarian 


Ft«.  1W.— ii.  Mrtn  or^naria  with  it*  Mpbon"  •'i- 
tendea;  la  ifi  nAturml  prtwIWon  In  the  mofl  hn«*1 
etrid  dofrowanla ;  B,  traniv^ne  fOrtlOD  of  the  th«'ll, 
■howlDit  tbe  position  of  thi»  i«nr1iisr  op^'fjlnif  tiio 
«h«U:  M,  ftddnctor  mti«:le  t  The  llirftmcnt  ro^irf-'^nt- 
ed  hy  dark  ntAM ;  C  *cctlon  ^f  TTrIo,  «howln)7  th* 
position  of  the  iptinK  u*  op*?n  tbt*  libj-U ;  Zr,  Ui:» 
mMit ;  D,  Ideal  trans vtrne  N^cllon  of  Unio ;  /♦  1  »»**«• 
do#  •  JT,  foot:  r.  irtmtriclv  ;  A,  BQrUil^  ;  G,  0Ut ; 
if.  manUc  ;  S,  abclL— Aftot  Uontt. 


wRIi  teeth  as  in  th€ 
,  but  the  CBSopluigaB  leads  to 
y  Am  hUber  looeely  coiled  ser- 
^il  lMKskvi»lfl  along  the  dor- 
» hitigt  and  directly  through  the  Tentricle  of 
'   I  the  excuirent  diyision 


of  Am  f^liwi  Thiv^^  she  jiacmni  nan  pineB  a  cnrioas 
I  md,  niiQM  vae  is  mnknown,  tmleas  it  be 
viaoaim.  The  gills  or  bmjichi»  are 
Cdda  of  tiie  niantle,  nro  on  a  side, 
adi  ode  Oft  the  Tisoeral  mass 
(1% ISlylVe).  Tkm  l«rt  (f%.  !&}  is  oomtained  in  a  deli- 
CAta  aacv  caUed  the  pericariium,  and  ia  aitii* 
afced  iflUB»di8lBly  under  the  hinge ;  it  conaiafs 
of  a  Tsattide  and  two  amidea  ;  the  former  is 
msaij  reoogniied  by  the  {Moa^e  through  it  of 
the  inteatiM  (Fig.  161,  D,  v),  usually  colored 
darkf  and  by  its  palsationa.  The  two  wing- 
lite  aurielea  are  broad,  somewhat  trapezoid 
in  form.  Jn§l  behind  the  Tentride  is  the  i 
called  **  aortic  httlb."  The  arterial  ayatem  ia 
tiuit^  compliciited,  aa  is  the  sTFtem  of  Tenons  rinasc«,  which 
vim  be  best  gtudied  in  carefully  injected  specimena.  At  the 
baaa  of  the  gilU,  howeTer,  ia  the  pair  of  large  coUectite 
^iuf  '"^  Icidney.  or  ''organ  of  Bojanua,"  is  a 
^aa  (Rg.  164,  4)  lying  below  but  next 
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I  the  heart;  one  end  ia  secretory,  lamellar  and  glandular^ 
oonLmanicating  with  the  pericardial  cavity,  while  the  other 
is  excretory  and  opens  into  the  caTity  of  the  gili  The 
nervous  system  can  be,  with  care  and  patience,  worked  out 
in  the  dam  or  fresh-water  musseU    In  the  clam  {Mya  areiia- 


I 


W^  18<— dicnUtOTT  ffftem  of  Anodanta,  m  fTefth-wat«r  moMcl,  Aft^r  BoJkiiiu, 
t.  vMiteicJtt ;  %  artenu  lyttem  *  14  and  15,  velui  which  follow  the  border  of  th« 
f*1*  The  TdtM  leAd  us  blood  in  put  direcUjr  toward*  the  oraptn  4,  which  i«  the 
Iddatff  or  '*<iteui  of  BQ)mni»i'*  and  la  p«rt  to  tbe  venoui  iina^  ctf  th«  upper  siirfaeo 
«f  Cllfk  omn :  6,  vetat  whleh  eanj  b«ek  the  blood  from  the  gilU,  the  r«ft  going  to 
Hhm  tfoa«^  ft,  where  >rtM  the  bnmchiftl  arter1e# ;  7,  8,  tb«  bmnchlnl  velai,  &ad  9,  tbe 
fllL— From  Gerviii  et  Van  Beuedea. 

riOf  Fig.  165)  it  consists  of  three  pairs  of  small  ganglia, 
one  above  (the  "brain")  and  one  below  the  cesophagns  (the 
pedal  ganglia)  connected  by  a  commissure,  thus  forming  an 
fMophageal  ring ;  and  at  the  middle  of  the  mantle^  near  the 
base  of  the  gills,  is  a  third  pair  of  ganglia  (parietr>3planch- 
nic)^  from  which  nerves  are  sent  to  the  gills  and  to  each 
division  of  the  siphon.  This  last  pair  of  ganglia  can  be 
nsnally  found  with  ease,  without  dissection,  ospecially  after 
the  clam  has  been  hardened  in  alcohol.  The  ear  of  the  clam 
is  situated  in  the  so-called  foot ;  it  bears  the  namo  of  oioct/st 
(Pig.  166,  i),  and  is  connected  with  a  nerve  sent  off  from  the 
pedal  ganglion.  It  is  a  little  white  body  found  by  laying 
open  the  fleshy  foot  through  the  middle.  Microscopic  ex- 
aminatioQ  shows  that  it  is  a  sac  lined  by  an  epithelium,  rest- 
ing on  a  thin  nervous  layer  supported  by  an  eitemal  coat  of 
oonnectiTe  tissue.  From  the  epithelium  spring  long  hairs ; 
the  sac  contains  fluid  and  a  large  otolith.  The  structure  of 
this  octooyst  may  be  considered  typical  for  Invertebrates, 
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The  ovariea  or  iesteg,  as  the  eex  of  the  clam  may  1)e^^ 
bilaterally  fiymmetrical,  blended  with  the  wall  of  the 
ral  or  liver-mass^  and  are  yellowish*     The  genital  op 


Dnwn  bj  W.  X.  BiMl 


u  rinr  to  the  mootJl ;  c  r  «tjrT  ;  tf,  p4Hl«l  iA1|||l^ti«| 


are  paired  and  He  near  the  bade  of  tlie  foot.     Both 

semen  arise  from  the  opithelium  of  the  sexual  glandi. 

€gga  pais  out  into  the  budy-cuTitjt  or  acoumulato  bttwani  tlwt. 


asatomt  of  tbr  clam. 


2Vl 


pBm^  vliei9  the  embniis  In  some  species  partially  develop. 
Japregnatioii  probablj    takes   place    withiD  the  branohial 

chamber,  the  epermatozoa  l>eiiig 
swept  in  with  the  respiratory 
current,  and  coming  in  contact 
with  the  eggs  m  they  are  dia- 
eharged. 

An  excellent  general  Ticw  of 
the  relation  of  parts  to  the 
body -walls  and  shell  may  be 
seen  by  hardening  a  clam,  or 
better  a  Ircsh- water  mussel, 
Unio  (see  Fig,  161,  D)  in  alco- 
hol, and  then  making  trajis- 
verse  sections,  A  sc*ctiuu  can 
be  floated  oif  in  water  and  ex- 
amined with  a  lens.  The  per- 
fect bilateral  symmetry  of  parts 
will  thus  be  seen. 
lis  thoYe  d^criptian  will  anawer  for  the  majority  of  W 


[  ■■V  ktnf  tff  rh«  ^m,  mfnifl^irt  10 

riPMiHamiXnne  of  onloo  orjpui. 
^:  f^  mu lu  froQi    commiiinre  to 
~""  I  flf  ftboH  I  K  •Bditory  acrv© ;  |, 
:     1,  nerrcs  from  gv^la  to 


m&tnentB  i 


j%.1B      nwrni  MSH^  ^&^  Lorrtn^b  the  wiir«r.  lt«  WMg  i 

tDflVvbranchlate  moUusks ;  in  the  oyster  (Ottrea)  or  in  Ano* 


tm 


moLoor. 


tli6  ihell  is  inequilateral^  one,  usually  the  lower^  being 
I  tn  aome  ol^eol,  and  the  intestine  does  not  pass  through 
IIm  iwitrkle ;  m  Arm  the  yentricle  is  double.  In  Lu^na 
and  OMi$  there  is  but  one  gill  on  each  side,  and  iii  Pecien, 
i^omdgims  and  IVigomia  the  gills  are  reduced  ta  comb-like 


^  Mr-^JOrURf  Kfkftt,  eoannOD  mvmtL  a,  msBt]« ;  A,  foot;  r,  hrnma 


if  KOdf, 


fc 


prooesBes.  There  are  usaall;  no  eyes  present ;  in  the  scallop 
{Pectm),  however,  there  is  a  row  of  bright  shining  eyes 
with  tentacles  along  the  edge  of  the  mantle,  and  contrary 
to  the  habits  of  most  bivalves,  the  scallop  can  skip  over  the 
surface  of  the  water  by  \iolently  opening  and  shutting  its 
«hell.  Trigonia  is  also  capable  of  Icjiping  a  short  distance ; 
'While  Lima  (Fig.  167)  is  an  active  flyer  or  leaper.  Otirea  and 
"'03  are  dicecioua,  while  many  mollusks  are  moncecious  or 
nphroditic.  The  foot  varies  much  in  form,  in  the 
'  »'«/fZws,  Figs,  168,  109),  Pinna,  Ctjclocardia  (Car- 
^  and  the  pearUoystar  it  is  finger-shaped  and 
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grooredy  with  a  gland  for  Becreting  a  bundle  of  threadB,  the 
iyB9U9,  by  means  of  which  it  Ib  anchored  to  the  bottom. 


9%.  liBL— Jtfi^tflMif  «fluili,  eommoniDiiBMU  wtth  Itt  Moge  expanded ,  i&nd  aacfaorad 
^rto  bjflfiiA.— After  Kane. 
iPlg,  im— CVafcnM(^di<i  MWOM^fkRi  mamml  eUe.— After  Morte^ 

The  fo0t  in  the  quohog  (Pig,  171  A,  Venus  msreenaria)^ 
Mulinia  (171  B)  and  Clidiophora  (Fig.  172)  is  large,  these 


9te.  m  ^.--FffMtf  ffwreMdpfa,  qaobof,  tyitimi]  else,  with  the  tool  And  Hlpbomt. 
W\g.  171  B.—Madra  iMuiinio)  laitrQUe,  mtural  i>lze. -After  VcrriiL 

mollusks  being  rery  active  in  their  moyements.  In  Glyci-^ 
msris  (Fig.  173)  the  fringe  is  toothless,  mnch  as  in  the 
oyster.     In  Madra  (Fig,  174)  the  middle  tooth  is  large,  th^ 
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oorresponding  cavity  large  and  trianguLir,     In  Saaioava  [ 

Panopma  (Fig,  176),  the  pallial  line  is  represented 

row  of  dots.  In  Macoma  (Kg. 
176)  the  siphons  are  yery  long. 
LUhod&nius,  the  date  ahell, 
one  of  the  mossels,  bores  into 
corals,  oyster  diells,  etc. ;  the 
common  Saxicava  eicaratei 
holes  in  mud  and  eoft  lij 
stones   as    does    Gasir&ch 

Pholas  and  Pefricola.    Many  boring  LamellibrancliA  m 

fiaid  to  be  luminous. 


Pig.  \l%.—ClidUiphora  ttilintaia,  n*- 
tiirarsl20.---Af  tor  Verrill. 


Fig.  173,-  GbjdtMHs  HUgua^  natiini  tfBQ.~An«r  Uorm, 

A  very  aberrant  form  of  bivalve  mollusk  is  Oavagella,  in 
which  the  shell  is  oblong,  with  flat  valves,  the  left  cemented 
to  the  sides  of  a  deep  burrow.  The  tube  is  cylindrical, 
fringed  above  and  ending  below  in  a  disk^  with  a  minute 
centnil  fissure,  and  bordered  with  branching  tubular  In 
Asperf/iUum,  the  watering-pot  shell,  the  small  hivalve  shell 
IS  cemented  to  the  lower  end  of  a  long  shelly  tulje,  doted 
below  by  a  perforated  disk  like  the  "  rose**  of  a  watering- 
pot. 

Thp  most  aberrant  Ijamellibranch  is  the  ship-worm,  7>rMb 
navalis  Linn,  (Fig,  179).  This  species  is  now  cosmopolitan, 
and  everywhere  attacks  the  hulls  of  ships  and  the  piloi  of 
wharves.  It  is  one  of  the  most  destructive  to  human  inter- 
ests of  all  animals.  The  body  is  from  one  to  two  feet  long, 
Blender,  fleshy ;  it  lives  in  a  burrow  lined  with  limestone^ 
while  the  shell  itself  is  globular,  and  lodged  at  the  farthar 
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end  of  the  tube  or  burrow.  The  mantle  lobes  of  the  ani- 
mal are  united,  with  a  minute  opening  for  the  foot,  which  is 
smalls  sucker-like.     The  heart  \&  not  pierced  by  the  int^e- 


^Rmef  while  the  siphons  are  very  long  and  furnished  with 
Hpwo  ebelly  styles. 

Pearls  are  sometimes  produced  in  bivalve  shells  by  particles 
0f  sand  getting  in  between  the  mantle  and  the  shell,  which 


V^  \H.—Moetra  om^,  natnnl  idze.— A/ter  Mono. 


Vlg.  m.—Fimiepma  oreitot,  nstanl  ilsa,— After  Mona 

britation  to  the  tissues  of  the  mantle  and  the  far- 
!   a  nacreous  shelly  matter  aronnd   the  nucleus* 
^aarb  are  sometimeB  found  in  f resh-walei  musj&c^ 
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but  the  jrareet  occur  in  the  pe^  oyster,  MeUaffrina  marga* 
(Ldtui.),  which  occurs  at  Madagascar,  Cejlon,  the 
Guli,  and  at  Paiiama.  The  largest  pearl  known 
two  inches  long,  four  round,  and  weighs  1800 
grains.  All  biTslTes  pass  through  a  metamorphogis  after 
birth.  The  development  of  the 
oyster  is  a  type  of  that  of  most  La- 
mellibrancha* 

A  single  oyster  may  lay  about 
2,000,000  eggs ;  they  are  yellow,  and 
after  leaving  the  ovary  are  for  the 

wS^^-S!^£^r^  ^^^^  1-^^  retained  among  the  gilk 
In  Europe  the  oyster  spawns  from 
June  till  September ;  during  their  groiii*th  the  eggs  are  en* 
dosed  in  a  creamy  elime,  growing  darker  as  the  '^spat^  or 
yoong  oyst^*  develops. 

The  course  of  devdopment  is  thus :  after  the  segmenta- 
tion of  the  yolk  (morula  stage),  the  embryo  divides  into  a 
clear  peripheral  layer  (ectoderm),  and  an  opaque  inner  layer 
containing  the  yolk  and  representing  the  inner  genninsl 
layer  (endoderm).  A  few  filaments  or  large  cilia  arise  on 
what  is  to  form  the  velum  of  the  future  head.  The  shell 
then  begins  to  appear  at  what  is  destined  to  be  the  posterior 
end  of  the  germ,  and  before  the  digestive  cavity  arises.  The 
digiestive  cavity  is  next  formed  (gastrula  stage),  and  the  anus 
appears  just  behind  the  mouth,  the  alimentary  canal  being 
bent  at  right  angles.  Meanwhile  the  shell  has  grown  enough 
to  cover  half  the  embryo,  which  is  now  in  the  "  Veliger" 
stage,  the  "  velum"  being  composed  of  two  ciliated  lobes  in 
front  of  the  mouth-opening,  and  comparable  with  that  of 
the  gastropod  larvae.  The  yonng  oyster,  as  figured  by  Salen- 
sky,  is  ilirectly  comparable  with  the  Veliger  of  tho  Cardium 
(Fig,  177).  Soon  the  sheU  covers  the  entire  larva,  only  the 
eiliaied  velum  projecting  out  of  an  anterior  end  from  be- 
tween the  shells.  In  this  stage  the  larval  oyster  leaves  the 
'^r  and  swims  around  in  the  water.  According  to 
*i  American  oyster  becomes  free-swimming  larva 
egg  is  fertilized-  At  a  lator  period  it 
tme  rocL    The  oyster  is  said  to  be 
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three  yean  in  attaming  its  fall  growth,  but  is  able  to  propa- 
gate at  the  end  of  the  first  year. 

The  derelopment  of  the  cockle  (Cardium pygmmum),  is 
better  known.  After  passing  through  a  morula  and  gastrula 
stage,  the  embryo  becomes  ciliated  on  its  upper  surface  and 
already  rotates  in  the  shelL  On  one  side  of  the  oyal  em- 
bryo is  an  opening  or  fissure,  on  the  edges  of  which  arise  two 
tubercles  which  eventually  become  the  two  '^  sails''  of  the 
Telum.  The  next  step  is  the  differentiation  of  the  body 
into  head  and  hind  body,  $.«.,  an  oral  (cephfdic)  and  postoral 
r^on.  Out  of  the  middle  of  the  head  grows  a  single  very 
large  dlium,  the  so-called  flagellum  (Fig.  177  A,  fi;  v. 


inv-4iM 


it  of  tlie  eocUe  ihell  (Ckrdlimi).    A.  the  trochoephere  ; 


I).  A.  the  trochoephere  ; 
the  Biiell  deyelopmff ;  v, 
ae ;  nU,  mantle  ;  /,  foot ; 


viLmv      _  

V,  duatod  Claim  ;>Liuige11iim.    ^.  Yeliger  staffe,  with 
rOam ;  in,  mcmth  ;  A,  liTer  lobes ;  ^  etomach ;  I,  faiteetfaie 
wU,  mnBCte ;  »,  nerrooB  ganglion.— After  Lorfo. 

velum).  The  shell  {B,  sh)  and  mantle  {mt;  ml,  muscle) 
now  begin  to  form.  From  the  inner  yolk-mass  are  developed 
the  stomachy  the  two  liver  lobes  {It)  on  each  side  of  the 
stomach  (/),  and  the  intestine  (t).  The  mouth  (m),  which 
is  richly  ciliated,  lies  behind  the  velum,  the  alimentary  canal 
is  bent  nearly  at  right  angles,  and  the  anus  opens  behind  and 
near  the  mouth.  The  velum  (Fig.  177  B,  v)  really  consti- 
tutes the  upper  lip,  while  a  tongue-like  projection  {B,  f)  be- 
hind the  mouth  is  the  under  lip,  and  is  destined  to  form  the 
large  unpaired  ''foot^**  so  characteristic  of  the  mollusks. 
The  shell  arises  as  a  cup-shaped  organ  in  both  bivalves  and 
univalves,  but  the  hinge  and  separate  valves  are  indicated 
Tery  early  in  the  LameUibranchs.    At  the  stage  represented 
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by  Fig.  177  B^  tlio  8toma<?h  is  divided  into  an  anterior  ^hi\ 
posterior  (pyloric)  portion.  The  liver  farms  on  each  ddei 
the  Btomac^h  an  oval  fold,  and  communicatee  by  a  large  * 
ing  with  its  cavity ;  while  the  intestine  elongates  and 
more  of  a  bend.  The  organ  of  hearing  then  arises,  and  be- j 
hind  it  the  provisional  eyes,  each  appearing  as  a  Tesido  wit 
dark  pigment  corjiuscle^  arranged  around  a  refractire  bo^«] 
The  iierve-ganglion  (n)  appears  above  the  slomacli.  Thftl 
two  ciliated  gill-lobes  now  ap{>ear,  and  the  number  of 
increases  gradually  to  three  or  four.  The  ffmt  grawa 
and  the  organ  of  Bojanns,  or  kidney,  becomes  visible. 
nhel!  now  hardens ;  the  mouth  advances,  the  velnm  U 
drawn  from  the  under  side  to  the  anterior  end  of  the  ehelL 
In  this  condition  the  Yeliger  remains  for  a  long  time,  its  lon^ 
flagellum  still  attached,  and  used  in  swimming  even  after  the 
foot  has  become  a  creeping  organ.  Latest  of  all  appears  tlie 
heart,  with  the  blood-vessels. 

l7pon  throwing  off  the  Veliger  condition,  the  velum  ooo- 
traetSj  splits  np  and  Lov^n  thinks  it  becomes  reduce*!  to  tht 
two  pairs  of  palpi,  which  are  situated  on  each  side  of  the 
month  of  the  mature  Lamellibranch*  The  provisional  eyci 
disappear,  and  the  eyes  of  the  adult  arise  on  the  edge  ot  Um 
mantle. 

In  the  fresh-water  mussels  ( Unio)  the  develo[>mentaI  \m^ 
iory  is  more  condensei  The  velum  of  the  embryo  is  wiat^ 
ing  or  exists  in  a  very  rudimentary  state.  The  mantle  and 
shell  are  developed  very  early.  The 
young  live  within  the  parent  lastaiied  to 
each  other  by  their  byssus.  The  sbdl 
(Fig.  178)  differs  remarkably  from  that  of 
the  atlult,  lieing  broader  than  long,  trimn* 
gular,  the  ajiex  or  outer  e*3gr  liett 

im-TooM  v^^.  hooked,  while  from  different  \><  hin 

-AfujrMorM.  project  a  few  large,  long  spineai  Sodit* 
ferent  are  these  young  from  the  parent  that  tbey  wore  wp* 
posed  to  Ix^  parasites,  and  were  described  under  the 
Gtochidium  parmiticum.  They  are  found  in  the 
mnssel  during  July  and  Angost. 
The  ship- worm  {Teredo  navalU  Linn.  Fig.  179)  afttf 
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segmentation  of  the  yolk  (Fig.  180  A)  passes  through  a 
Teliger  stage,  the  shell  begins  to  grow,  and  when  five  days 


FIs.  ITV.— The  Sblp-wonn. 
AfUrVerrill. 


t^  siphons ;  p,  psUeU ;  r,  collar ;  «,  shell ;  /,  foot— 


and  a  half  old  the  germ  appears  as  in  Fig.  178,  By  the  shell 
almost  coTering  the  larva.  Soon  after  this  the  velum 
becomes  larger,  and  then  decreases,  the  gills  arise,  the  audi- 
tory sacs  develop,  the  foot  grows,  though  not  reaching  to  the 
edge  of  the  shell,  and  the  larva  can  still  swim  about  free  in 
the  water.     When  of  the    ^  ^^_^  c 

size  of  a  grain  of  millet, 
it  becomes  spherical,  as 
in  Fig.  180,  C,  brown 
and  opaque.  The  long 
and  slender  foot  projects 
far  out  of  the  shell,  and 
the  velum  assumes  the 
form  of  a  swollen  ring  on 
which  is  a  double  crown 
of  cilia.      The  ears  and 

eyes  develop   more,  and 

the  animal  alternately  JlJ^f^fiS* 
swims  with  its  velum,  or 
walks  by  means  of  the  foot.  At  this  stage  Quatre- 
fages  thinks  it  seeks  the  piles  of  wharves  and  floating 
wood,  into  which  it  bores  and  completes  its  metamor- 
phosis. On  the  coast  of  New  England  the  ship-worm 
lays   eggs   in   Kay  and   prob&hly  through   the  summ&T, 


FIj?.  180.— nerelopment  of  the  Ship-worm. 
A,  egg,  with  the  yolk  onoe  divided ;  B.  the 
yeliger  enclosed  by  the  bivalve  shells ;  C,  sd- 
. with  the  Urge  foot  (/)  snd  velum 


^^ 


'  / 


'.  rtto»i— .:ix  -.1'*  'Sum.  mz^  111*  ^wrrs  ibraut  V 
t-*"  '"*   »<.  ».»  V-,  »T>iii»^  lite  ^ITi*.  ii«s7L  stt£  kai" 


•*>•'>/:  '/^  »/»y: 

^*S^  ftuiff%^^v,y„kifKx.\  s(*%;i'^A  or  '  bra.-!.*  w-Z!  be  ioicmL  «■*  tke 

"  \f9%iu" ^  'to  fifA  lU  j^>Jjil  ^fangl'A  uid  r^ocrn,  cfit  the  foot  TeTtJcanj- 

>»  twr^     'Hmt  h*T»ft  rufi  U  f^jlj  fonnd.  and  the  large  t«ii  ai  tike  \mm 

^J^^  /K^'k  >/til  K)u$  »n#rfl»l   ami  ren^iaa  (nret^ma  can  ottlr  veU  be 

•^^•^  *^'  »«»klM((  r^ntful  Injection*.     For  ordinary  or  iren  quite 

'*»J»etlo«»a,  %n,\miUir  WmA  a  mliture  of  lard  and  ttirpentine,  Kmie- 

^^»f  »  JIUU  NtlMt  or  wa«  U)  thicken  the  p*«t«,  which  wai 

'•»Hf|«  yullonf^  vwrtnlllon,  or  bluo.       I'or  hlBtolo^cal  elami- 

•d  iiiiiii#«  i#f  turpi)niln«,  colored  as  b<9fore,  or  gelatiiie 
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aotoiBd  lif  dimiiittteoiaiiiiiioiiia,  or  PnuriAa  Uoe  diiidl¥«d  in  oulio 

leid^or  the  predpitale  of  ehioouite  of  lead,  or  he  even  ii^ected  air 

fmo  the  Tiwalar  ctTitlee.    The  moUask  should,  before  ii^ectioD,  be 

lOowed  to  elowlj  die  for  eeyeral  dajs,  and  the  fluids  to  leave  the  body. 

The  injection  sboold  be  made  before  decomposition  basset  in,  otherwise 

tiie  Teasels  will  borst    Some  anatomists  plunge  mollosks  into  water 

to  which  has  been  added  alcohol  and  chlorhydric  add.     After  remaining 

in  this  floid  for  a  day  or  two  they  can  be  injected.    The  arterial  system 

can  best  be  injected  by  the  aortie  bnlb,  or  aorta ;  the  venons  system 

may  be  filled  from  the  foci  thioogh  the  aquiferoos  orifice,  by  tlie 

addoetor  mnscle,  or  by  any  of  the  large  veins.    After  injection  the 

animal  shoald  be  plunged  into  ooM  water  to  hasten  solidification  and 

then  placed  permanently  in  aloohoL 


Class  IL — Gbfhalophoka  {Whelks,  Snath,  etc.). 

(General  Oharaoteni  of  Cephalophores. — ^Wo  now  come  to 
Mollusca  with  a  head^  distinguishable  from  the  rest  of  the 
body,  bearing  eyes  and  tentacles  ;  but  the  bilateral  symmetry 
of  the  body,  so  well  marked  in  the  Acephala,  etc.,  is  now 
in  part  lost,  the  animal  living  in  a  spiral  shell ;  still  the  foot 
and  head  are  alike  on  both  sides  of  the  body  ;  while  the 
foot  forms  a  large  creeping  flat  disk  by  which  the  snail  glides 
OTcr  the  surface.  Moreover,  these  moUusks  have,  besides 
two  pharyngeal  teeth,  a  lingual  ribbon  or  odontophore.  In 
a  shelless  land-snail  (Onchidtum)  Semper  has  discovered  the 
existence  of  dorsal  eyes,  constructed,  as  he  claims,  on  the 
Vertebrate  type.  They  are  in  the  form  of  little  black  dots 
scattered  over  the  back  of  the  creature,  and  their  nerves 
arise  from  the  visceral  ganglion.  Familiar  examples  of  the 
Cephahphora  are  the  sea -snails,  the  sea -slugs,  and  the 
genuine  air-breathing  snails  and  slugs. 

Order  1.  Scaphopoda. — ^A  very  aberrant  type  of  the  class 
is  Dentalium,  the  tooth  snail,  common  in  the  ocean  from 
ten  to  forty  fathoms  deep,  on  our  coast.  It  lives  in  a  long 
slender  tooth-like  shell,  open  at  both  ends,  while  the  animal 
has  no  head,  eyes,  or  heart,  and  the  foot  is  trilobed.  Owing 
to  the  presence  of  a  lingual  ribbon,  we  would  retain  it  in  the 
pvesent  class,  though  it  is  a  connecting  link  between,  thia  and 
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the  preceding  class,  and  is,  by  some  mithoi^  i^garded 
the  type  of  a  separate  class  {Scaphopoda^    The  aexes  o£| 


Fte.  181.— I>evefopin«!til  of  DmiaHttm^  A,  monila :  B,  trDclia«|iti««^  *  C,  tm 
latvUlftrrii ;  Zi,  lanr*  wlili  lu>  rttdlai«ntai7  sliall;  <•  v«lQin  ;  a,  fthdl :  J^  joais  i 
fhrther  «dvuiced,  tbe  tbell  or  bodj  tt«»meiil«d  ;  <i,  rndlmrnljuir  la&laeNv  ;  A  fi^ 
<iH*aptia|^  tHsrre-gaxiglis;  f/'^aiiemym  caxaUaaA  lhrer(/Ot  tiM  foot  |<>iiiii<M 
from  tbe  itwslL    Airnuigallkjd.— After  LAcuc-DutbiifS. 

Dentalium  are  distinct     Tbe  young  ia  a  trochoflphero  and 

^H         ufterwardn  becomeii  gi'guiertted*  iuid  the  nuivatftt 

H         sliell  then  appears.     (Fig*  18^.) 

B  Ort/^r  2.  Fieropoda, --In  the-se  wing^dHOidb 

H  the  head  is  dightly  indic4ited  and  ilu»  eyei  aiv 

H  rudimentary ;  while  they  are  easily  recogiiiji<4  by 

H  tho  large  wing-like  appendages  (epipodimm},  *ne 

I  on  each  side  of  the  head.     The  aliell  is  conicil 

■  or  liclix-like.     The  fsfjecies  are  hemuipkitKlitio. 

M  CavoUim  tridentata  Lamarck  and  8i$tMtt  riirm 

\         Verrill  (Pig.  181})  are  pelagic  forms,  occurring  im 

mmtl^kaSSo^  the  high  seaa,  and  are  occasionally  taken  with  the 

^nm,   UMd  w  tow-net  off  tho  southern  coast  of  New  England* 

ikAarSicttraaL     Limacina  arciica  Fabr,  is  of  the  siid  of,  and 

looks  like,  a  sweet  |>ea,  moving  up  and  down  in  the  vwttr. 

It  18  common  from  LubrtuloT  to  l\\fi  yolai  r^^ona. 
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A  oommon  form,  occurring  at  the  sorfiice  in  harbors 
north  of  Gape  God,  as  well  as  many  miles  oft  shore,  is  Spiri' 
alts  Oauldii  Stimpson,  the  shell  of  which 
resembles  a  conical  Helix.  The  largest 
form  on  the  eastern  coast  of  North 
America^  extending  from  New  York  to  the 
polar  seas,  is  the  beaatiful  Clione  papillon- 
acea  of  Pallas,  which  has  a  head  and  lin- 
gual ribbon.  It  is  rare  on  the  coast  of 
New  England,  bat  abundant  from  Labra- 
dor northward  We  have  observed  it 
rising  aiid  falling  in  the  water  between 
the  floe-ice  on  the  coast  of  Labrador.  It 
is  an  inch  long,  the  body  fleshy,  with  no 
shell,  the  wings  being  rather  small. 

The  larrsof  the  Pteropods  pass  through 
a  trochosphere  stage,  being,  as  in  CavoUim,  rt2&-!(Se7verriii?' 
spherical,  with  a  ciliated  crown.  It  after- 
wards assumes  a  veliger  form.  Fig.  184  represents  a  worm- 
like, segmented,  Pteropod  larva,  the  adult  of  which  is 
unknown.  In  other  genera  the  larvae  are  annulated,  resem- 
bling the  larvsB  of  Annelides. 

The  Pterojwds  are,  in  some  degree,  a  generalized  type. 
They  have  a  wide  geographical  distribution  and 
a  high  antiquity ;  forms  like  Cavolina,  viz. : 
Theca,  Cofiularia,  Tentaculites,  CornuliteSy 
etc.^  dating  back  to  the  palaeozoic  formation  ; 
Theca-like  forms  {Pugiunculus  and  llyolithes) 
occurring  in  the  primordial  rocks. 

Order  3.  Gastropoda.  — This  great  assemblage 
of  mollusks  is  represented  by  the  sea-slugs^ 
limpets,  whelks   (Figs.   185-188),  snails,  and 
Fis.  isil^Ptero-  slugs.     The  head  is  quite  distinct,  bearing  one, 
****'^      *"  and  sometimes,  as  in  the  land-snails,  two  pairs 

of  tentacles,  with  eyes  either  at  the  bases,  or  at  the  ends  of 
the  tentacles,  or,  as  in  Trivia  californica  (Fig.  189),  they 
are  situated  on  projections  near  the  base  of  the  tentacles. 
All  the  Gastropods  move  or  glide  over  the  surface  by  the 
broad  creeping-disk,  a  modiflcation  of  the  foot  of  the  clam| 
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18,  in  those  species  inhabiting  a  spiral  shell,  asymmetrical 
and  wound  in  a  spiral^  the  visceral  mass  extending  into  the 
apex  of  the  shell.  In  the  Nudibranchs  (Figs.  195, 197),  and 
the  slug,  the  body  being  naked  is  symmetrical 
on  each  side. 

The  digestive  tract  is  doubled  on  itself,  the 
vent  ending  on  one  side  of  the  mouth.  In 
some  Nudibranchs  the  intestine  has  numerous 
lateral  offshoots,  or  gastro-hepatic  branches, 
which  resemble  similar  structures  in  the  Plana- 
rian  and  Trematode  worms.  A  heart  is  always 
present,  except  ir  the  parasitic  Entoconcha, 
and  sometimes,  as  in  Chitofi,  Neritina,  and 
HaliotiSy  it  is  perforated  by  the  intestine.  In 
some  genera  there  are  two  auricles  to  the  heart, 
but  as  a  rule  but  one  is  present.  The  Gastro-  ^iJ^'J^/^^; 
pods  breathe  by  gills  either  free,  or  contained  AnS?steara^" 
in  a  cavity  in  the  mantle,  while  in  the  land- 
snails  {Pulmonafa)  the  air  is  breathed  directly  by  a  lung-like 
gill  in  a  mantle-cavity.  The  kidney  is  single.  The  sexes 
are  either  distinct  or  united  in  the  same  individual. 

An  excellent  idea  of  the  structure  of  a  typical  Gastropod 
may  be  obtained  by  a  dissection  of  Natica  {Lunatia)  heros. 
This  is  a  large  mollusk,  common  between  tide-marks  from 
Labrador  to  Georgia.  On  taking  it  up  the  student  will 
notice  the  large,  round,  swollen,  porous  foot,  from  which 
the  water  pours  as  if  from  the  **rose"  of  a  watering-pot. 
The  shell  is  large,  composed  of  several  whorls,  with  a  small 
flattened  spire  or  apex.  The  aperture  is  large,  lunate  in 
shape,  and  can  be  closed  by  a  large  horny  door  or  oper^ 
culum.  (In  some  moUusks,  Natica,  Turbo,  etc.,  the  oper- 
culum is  of  solid  limestone,  and  small  ones  are  used  as  *'eyo- 
stones,"  being  inserted  in  the  eye  and  moved  about  by  the 
action  of  the  lids,  thus  cleansing  the  eye  of  irritant  particles 
o!  dust,  etc.) 

The  animal  should  then  be  placed  in  a  dish  of  salt  water, 

•ad  its  movements  observed.      There   are  but  two  short, 

^^ttened  tentacles,  situated  on  a  flap  or  head-lobo 

>f  tb6  mantle  or  body-walls.    No  eyes  are  present 
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in  this  fipecies.  The  mouth  is  mtnated  in  front  of  tbe  fool 
and  at  the  base  of  Ibe  heud-lt^be,  and  ia  bounded  by  largo  pack* 
ered  swollen  lips.  Cutting  down  from  between  the  tentJicles, 
a  large  buccal  ma^,  the  pharynx,  is  ex}x>sed.  The  moutli* 
cavity  is  roofed  with  two  broad  cpiadrant-shaped,  flat  thiii 
teeth,  with  the  f  roc -edge  serrated*  On  the  floor  of  Uie 
mouth  lies  the  **  tongue/'  or  lingual  ribbon  (Odoutopb 
wiiich  is  folded  once  on  itself,  and  is  a  thin  band  com 
of  seven  rows  of  teeth,  those  forming  the  two  outer  rows 
long  and  much  curved^  those  of  the  central  row  being  itoat 
and  three- toothed.  The  long  slender  oesophagus  U  li^d 
down,  near  its  middle,  by  t!io  brain  (suprao^sophageal  gan- 
glion) ;  just  behind  and  beneatli  which  are  the  two  large 
salivary  glands.  The  opsophagus  suddenly  dilates  into  a 
large  stomach -like  pouch,  which  is  much  larger  in  thiji 
species  than  in  other  forms  allied  to  it.  It  is  a  sort  of  crop 
or  proven triculiis  (the  organ  of  Delle  Chiaje),  and  rarely  oc- 
curs in  the  Oastropods,  On  laying  it  open,  it  may  be  «een 
to  be  spongy  at  its  anterior  end,  and  posteriorly  divided  bj 
numerous  transverse  partitions  into  small  cavitiea.  The 
OBSopliagus  tx^yond  it  is  again  slender,  and  leiuU  to  \3j^ 
stomtR^h  gituatod  in  the  a]i€X  of  the  shell,  partly  embed^^^ 
in  the  liver-mass  which  lies  maiidy  beyond  it.  From 
the  stomtitdi  the  iutestino  returns  to  the  hea4,  widely  dilat- 
ing  into  a  large  sacculated  cloaca,  before  the  free  up- 
turned vent,  which  is  situated  on  the  right  side  behind  and 
to  the  right  of  the  right  tenta**le.  The  nervous  sypitcm  iji 
reprei^entcd  1*y  a  ]>uir  of  large  ganglia,  forming  the  brain 
(supraa*so])hagcal  ganglia)  situated  just  below  and  behind 
the  pharynx*  The  two  other  ganglia  were  not  traced,  bnt  «§ 
a  rule  in  all  Cephahphora  there  are  three  pairs  of  gao^k. 
1,  f,,  the  Ijrain  (snpracesophageal  ganglia)  with  commi«ntf^^ 
passing  around  the  gullet  to  the  pedal  or  infraoPSophagt^H 
ganglia,  thus  forming  the  OBSophageal  nervous  ring,  while  tS^ 
visceral  or  parieto-splanchnic  ganglia  are  placed  at  a  viuying 
diflttmce  Ix^hind  the  head* 

The  heart,  contained  in  its  |ierie4irdial  sac,  and  eotisiftin^  of 
a  ventricle  and  auricle,  is  situatecl  near  the  posterior  end  ol 
ihe  gills.      Thp  latter  ^x^  dificloaed  by  UyIu^  aside  t\^ 
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tie  on  the  left  side  of  the  body  behind  the  bead.  la  a  Jargo 
Lunaiia  it  isau  inch  long,  with  a  vein  at  the  base,  the  giO- 
lobee  aminged  like  the  teeth  in  a  comb,  A  sniidlcr,  niiicli 
narrower  gill  lies  within  and  parallel  to  it.  The  ovary  i§ 
ihnated  near  the  stomach,  the  ovi- 
duct ending  near  the  vent. 

The  eggs  are  hdd  in  capsuled  (^ig* 
19U,  Purpura  Utpillus  and  two  egg* 
capsuled)  of  varied  form  att^ichcd 
to  rocks  or,  as  in  Troehns  and  the 
Nndibranchs,  in  masses  of  jelly  at- 
tached to  sea-weeds  or  stoneg. 

As  a  type  of  the  mode  of  devel- 
opment uf  GagtrojKKls  may  be  cited  that  of  Caltjptrma  si^ 
n^nsis^  represented  in  our  waters  by  Cahjptrma  striata  Say 
(Fig.  191). 


T\g.  IW.—PttrpfAra  and  I  if  egg 
Aner  Morse. 


Fte.  191 


Fla.t98. 

~F(g.  ifH. — Cahfpinm  ttHala,  mataral  tlse,— Aftc^r  Mar?**. 

Fig,  IflB.— Veljppf  of  C*jif/pfrt€a,  /,  foot ;  i\  volum  ;  m,  moulh  ;  <v,  ectodcnn ;  't*, 
niModcnn.  — ^Aftcr  Saleiukj. 

Fig.  IW.— Villger  of  Cattfptrtra  itirther  tidvajmeA^  m,  mAntlc  ;  i?,  velum  ;  /,  foniit; 
A,  ]Mrf9l  be*rt  ;  n,  permuicnt ;  A,  iirlmltit©  kiilaey  ;  *,  cro«sc«  tlie  shell  and  fcitfl  on 
«be  jfum.— After  e^aeaakr- 

Aooording  to  Saleneky,  after  segmentation  of  the  yolk 
into  eight  cells  the  first  four  cells  or  **  spheres  of  segmenta- 
tion" gnl)divide,  enclosing  the  yolk-ma^ss,  and  constituting 
the  ectoderm  or  outer  germ-layer,  the  yolk-mass  forming  the 
endoderm.  The  cells  of  the  outer  germ-hLvcr  multiply  and 
form  the  blastoderm,  from  which  the  skin,  mantle,  and  ex- 
ternal organs,  m  well  as  the  walls  of  the  mouth,  arise.  The 
"primitive*'  month  of  the  gastrula  ia  formed  by  the  in  vagi- 
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nation  of  the  outer  germ-layer  ;  the  mdes  of  the  prunit 
mouth  form  the  two  sails  of  the  Telum  or  swimming  < 
and  the  embryo  now  assumes  the  veliger  stage  (Fig.  192).^ 
Soon  the  middle  germ-layer  (mesoderm)  arises,  and  f^ni 
the  cells  comiKisitig  it  tire  develojx^d  the  muscles  of  the  fool 
and  head,  as  well  as  the  heart  itsi^lf.  The  mantle  or  body- 
wall  next  develops,  and  from  it  the  shelly  which  originatea  in 
a  cup-like  cavity  which  is  connected  only  around  the  edgft 
with  the  mantle,  being  free  in  the  centre.  The  eyes  and  i 
or  otocysts,  next  appear,  both  organs  arising  as  an  infak 
of  the  outer  gorra-layer.  Hitherto  symmetrical,  the  alimen- 
tary canal  now  begins  to  curve  to  the  left,  and  the  viaoenil 
sac,  or  posterior  part  of  the  embryo  hangs  over  on  one  aide;* 
Tlic  nervous  system  is  the  last  to  Iks  developed. 

Fig,  193  represents  the  asymmetrical  larva  w^ith  the  shell 
enveloping  a  large  part  of  the  body,  and  the  ciliated  velam 
(v)  and  foot  (/)  well  (levcloi>cd,  A  temporary  larval  heart 
(//)  assumes  quite  a  different  position  from  tlio  heart  of  the 
adult,  and  ilm  primitive,  deciduous  kidney  (k)  is  situated  in 
cjuite  a  different  place  from  the  permanent  kidney.  The 
further  cliunges  consist  in  a  gradual  development  of  the  hel- 
met-like shell,  the  disappciirance  of  the  temporar}*  larval 
struetures,  and  tlio  perfection  of  the  organs  of  adult  life,  tho 
gills  ap{>earing  quite  late. 

The  development  of  TrocHun^  the  top-shell,  ethibit-s  more 

strikingly  the  troeliosphere  And 
veliger  stages  of  moltudcan  Ufep 
and  moat  Gastropods  develop 
like  this  form.  Tlie  velum 
at  first  forms  a  ciliated  ring 
(Fig.  194,  A,  v)  on  the  fmnt  end 
of  the  trochospbera.  Fig.  IM, 
B^  representa  the  Telig^  state. 

It  thus  appears  tlmt  the  tem- 

j>orary  larval  or  veliger  form  ol 

the  Oastro]K)da  are  of  vermlaa 

origin,  the  organs  la^t  la  bu  d^ 

I  rolofwd,  t\  1^.,  the  foot,  b1ic\A  aivA  Vm\^\«X  T\\^b<itk^  which 

tinc'fjveJy  molltiscnn  clmtacUiT*,  Wwi^  vV<i\aAKft  i 


Fig.  m,-IjirT«]  Trodim. 
rhocplMfe  \  r,  vf^lutn  ;  J7,  v«tf| 
il,  OKMilh ;  /,  fogt ;    #,    ' 
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NUDlBRAHan  M0LLU8K8. 

The  Nudibranch  mollusks,  such  as  the  EqUs  and  Doris  and 
lallietl  fiifnis,  Ijn^athe  by  external  gills,  arranged  in  bunches 
un  the  bjH:k,  as  &een  in  Fig.  105,  ^EoUh  (Mon- 
tugua)  pihda  (Oonld)»  a  common  species  on 
the  coast  of  New  England.  In  Doris  {Fig, 
197),  they  are  confined  to  a  circle  of  jiinnate 
gills  on  the  hinder  part  of  the  back*     They  are 
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Y\g,  ly^-'PhvM  fust^roftrttpha.  Com- 
mon  pond-Fnall.— After  MufBe. 


rig,  ]«,— -«i/|jr,a  Nndtbrmndi. 

FIjr.  !•*-  —  VeJiger  of  Tergipef.    p,  velam  ;  j,  iUell ;  d,  foot;  6,  ©tocy»t«.— After 

ftip.  197.— />c?ri«  hUomtUaia.    New  Rngl&iid  comL 

ifihelless,  and  not  tiucommon  just  below  low-water  mark, 
laying  their  eggs  in  jelly-like  masses  coiled  up  Am  wtouca  and 
the  surface  of  8ea-weed«.  Though  the  adulta  are  shelloda, 
the  embryos  at  first  have  a  eliell 
(Fig,  196,  h),  indicating  that 
fthe  Nadibrauchs  have  descend- 
ed from  shelled  Gastropods. 
I  Fig.  196  represents  the  veli- 
ger  (A  TergipiB  lacinulaia 
Schultze,  allied  to  Doru,  with  its  large  ciliated  velum,  and 
protected  by  a  deciduous  shell,  wliicli  finally  disai»pcar«  with 
the  velum. 
The  air-breathing  niollunks,  Fuhtttjuain,  are  represented  by 
the  pund'snails,  Phifm  (Fig.  198)  and  IJnmmua  (Figs.  199, 
),  and  the  land-snails  and  slugs.  Fig.  205  represents  a 
riug  suspendeii  by  a  mucous  thread  from  a  twig. 

The  eommou  snail,  Belix  alholabris  Say,  is  a  type  of  the 

lir-breathing   mollueka.      Fig,  201  represents  this  snail  of 

natural  size,  in  its  shell.     The  opening  to  the  lung  is  seen 

Vat  a,  aud  at  B  is  represented  the  heart  and  lung  of  tbe  gar- 

[den  slug  {Limax  Jlavus),     Fig.  202  represents   Melix  albo* 

'  labris  with  the  shell  removed^  and  the  mantle  thrown  back« 
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Flif.  «M-^'^  fttbnlahrU.  nutorttl  ttei?.  «,  orlflc«  of  lung.  Alao  th«  h««rt  And 
BOtf  of  i-igniflcd. 

^  ''^,  with  tho  shell  removed  to  ihow  tho  lictrt  (AJ  tnd  Uw 

•li&f  ;  -  and  Pica.  DOI-flM  «ftcr  Leidy. 

wig.  9HR.-S<rrr,^-r*^utTn  er  n*Ua:  aJtotabriM. 

FUt,  y^^'W  (tower  figiire)  aod  tide  and  top  vkw  of  tiJcUi  of  Itngiiml  ribbon  of 
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Fig.  206.- Slug, 


Nfti- 


Th©  group  of  mollusks  rcpreseutcd  by  Cliitan  (Fig.  «vTf 

01  if  on  ruber)  have  becm  referred  to  the  wornis  by  Jberiiig« 
on  accoimt  of  the  gogtrieiited  uj>[x.^iiaQco 
of  the  phited  ahell,  and  the  nerYoua  iiy** 
iem«  which  cousist^  of  two  panOet 
cords,  connected  by  acTeral  commift* 
Biires  ;  *  as  well  aa  from  the  fact  that  the 
intestine  end^  ut  the  hinder  end  ol  the 
body.  The  young 
18  oval  when  hatch- 
ed, and  is  a  troeho- 
i?])hcie,  having  a 
oiliuted  ring  in  the 
middle  of  the  body 
with  a  long  tnf  t  of 
large  cilia  on  the  head.  Afterward.^ 
it  becomes  segmented,  lua  in  Fig.  208, 
and  is  remarkably  worm -like,  the 
limestone  plates  of  tlic  adult  corre- 
sjponding  to  the  primitive  larval  rings. 
Certain  Ga^itroptKlg  are  useful  either 
m  food  or  in  the  arts.  In  Europe 
LiihrtHH  Iiiforea,  the  limpet  {PatvUa  o(  i^'tnhn^ 
vulgata),  the  whelk  {iiuccimtm  un- 

datum),  and  the  Komau  snail  (ffeiix 
pimaiia)  are  eaten.  The  eoa-isr 
{HaUoiis)  id  roastc^d  in  tbo  #b«IL 
The  animal  of  Cymhu^  Sirtmiim$  gi^ 
ffaa^  Turbo,  Trochus,  and  C^nus  «m 
eaten  in  the  tropic**,  nhile  many  of 
tlie  larger  forma  are  u«cd  for  fi«h* 
bait     Pearls  are  -  '        "in 

the  gpi^cics   of   7/  ^^ 

The  beautiful  shell  of  Cassis  U  made 
into   cameo   pins,   antl    th'      ^    '*    of 
Strombua  gigns  is  in  the  West  Indies  ma<le  intu  ^ti. 

^  In  FimureUa  Md  TfaliotiM  ttin  two  aorve-oords  from  Um»  pr^al  ^^m» 
gUm  Arc  a3so  uniUnl  by  \\\w  imnf(inst%B  cnmfiltMurM.  no  Ui«t  l»ifv«  «!■> 
•r«  ht^ro  Afl  approach  to  the  douX»V«  gw&stV\»ti*^«4  ^mt\  «ll 


ucrvc;    o,  olfauciot/  utjic*. 
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VarioiiB  sheUs,  such  as  Marginellay  Turbintila,  etc.,  are 
linmg  in  bracelets  and  armlets  by  savages.  Cyprma  inoneta, 
the  cowry  (Fig.  209),  is  used  for  money,  and  other  shells 
lie  worked  into  yarioos  shapes  for  wampum  or  aboriginal 
money.  Fig.  210  represents  an  OUvella,  used  by  the  Gal- 
ifomian  Indians  as  money.  Murez  and  Purpura  afford 
theTyrian  dye. 

While  a  few  (Gastropods  are  pelagic,  living  upon  the  high 
mm,  iBeh  as  lanihina  and  the  Nudibranch  Olaucus,  most 
of  thaipaoiei  are  sabmarine  and  live  in  all  seas ;  the  hardier, 
diffiued  species  living  between  tide-marks,  the 
forms  in  deep  water,  ranging  from  low-water 


ThA.  aOO.  Fio.  sio. 


Fw.  900.— C^vroHi  tnoMto.— After  Stearns. 
Fia.  tiO,—OUveUa  UpiUxUa.—Atter  Steams. 

mark  to  fifty  or  one  hundred  fathoms.  The  abyssal  fuunu  at 
the  depth  of  from  500  to  about  2000  fathoms  has  a  few  char- 
acteristic inoUusks.  Many  live  on  land  and  in  fresh  water. 
The  largest,  most  highly  colored  shells  live  in  the  tropics, 
while  those  found  in  the  temi>erate  zones  are  less  beautiful, 
and  the  arctic  species  are  the  smallest  and  dullest  in  color. 
The  shells  of  the  eastern  coast  of  North  America  arc 
divided  into  several  assemblages,  or  fauna?,  the  West  Indian 
or  tropical  shells,  in  some  cases,  reaching  as  far  north  as 
Cape  Hatteras ;  between  this  point  and  Cape  Cod  a  north 
temperate  assemblage  occura,  and  north  of  Cape  Cod  the 
molluscan  fauna  is  essentially  Arctic ;  many  si)ecics  being 
common  to  the  arctic  and  subarctic  seas  of  the  pircunipolar 
regions. 
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the  iongne  or  radnla  has  highly  characteriBtio  teeth,  which 
serve  these  rapacious  animals  to  seize  their  prey.  The  in- 
testine runs  straight  back  from  the  mouth,  and  after  mak- 
ing one  or  two  coils  ends  in  the  vent.  The  excretory  organs 
open  near  the  anus;  the  contractile  tube  opens  internally 
into  the  i)ericardial  cavity,  and  resembles  in  form  and  posi- 
tion the  excretory  organ  of  the  Pteropoda.  The  circula- 
tion is  imperfect,  the  blood  passing  from  the  wide  sinuses 
of  the  body  to  the  ventricle  of  the  heart.  From  the  auricle 
springs  the  aorta,  which  subdivides  into  several  branches 
Uiat  open  freely  into  the  body-cavity.  The  circulation  can  be 
easily  watched,  owing  to  the  transparency  of  the  l>ody.  The 
aeration  of  the  blood  is  effected  jiartly  through  the  skin, 
partly  through  gills,  except  in  a  few  species.  The  branchisB 
are  either  thread-  or  leaf-like  ciliated  appendages,  which 
may  either  be  free  or  enclosed  in  the  mantle-cavity.  The 
sexes  are  distinct.  The  males  can  be  readily  recognized  by 
the  large  copulatory  organ,  which  hangs  free  on  the  riglit 
side  of  the  body.  The  sexual  glands  fill  the  posterior  por- 
tion of  the  visceral  cavity,  and  are  partly  imbedded  in  the 
liver.  The  oviduct  is  complicated  by  the  presence  of  an 
albumen  gland  and  a  receptaculum  seminim.  It  opens  on 
the  right  side  of  the  body. 

The  Ileteropods  are  exclusively  marine,  but  are  found  in 
all  quarters  of  the  world.  The  number  of  species  is  small, 
and  there  are  two  orders  only — the  Pterotracheidm  with  a 
small  or  no  shell  and  free  gills,  and  the  Atlaniidce  with  a 
large  coiled  shell  and  gills  placed  in  the  munilc.  Ptero- 
tracked  (Firola)  coronata  Forsk.  is  found  in  the  Mediter- 
ranean, and  on  account  of  its  transparency  has  often  been 
investigated.  The  Heieropoda  live  together  in  large  num- 
bers, and  feed  on  small  animals. 

The  eggs  are  laid  in  cylindrical  strings,  which  soon  break 
up  into  numerous  pieces.  The  segmentation  of  the  yolk  is 
complete  but  irregular.  The  embryo  rotates  within  the  egg 
during  the  veliger  stage,  when  it  has  two  distinct  sails,  or 
lobes  of  the  velum,  and  a  ciliated  foot  with  an  operculum. 
In  this  form  it  leaves  the  egg.  The  velum  enlarges  and 
forms  several  4ivi9ioiMi»    The  otocysts,  eyes,  and  tentacles  ^rg 
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zooLoor, 


then  (iRveloped.     TIk*  loot  gnuliially  lengthens  and  fnrmi  1 
characteristic  f\n   t*v  keel.      The  vehim  is  meiinwhile 
boHjcmI,  the  o|M*rciihmi  (fhrlnaria),  or  the  oiwrcuhun 
shell,  art;  thnmii  ofT*  and  tlio  larva  gnulualJy  a88Ufiu*it 
forni  iiUil  orgiini?.atioii  af  the  ndnlt.     The  dose  relatioiudiif 
of  tho  HcteropcKlij  and  GraBtroiKxU  ia  shown  by  the 
simthirity  of  their  larvae.     Gegenbanr  oven  goes  so  fur  i 
inckide  them  under  the  Ophthnbrnnchinia,  while  von  Jher-I 
iiig  unites  them  vvitli  Chitons  ar»d  some  other  forms  tindiiri 
the  name  of  Arihraeoehlidw ;  for  the  present  it  seems  I 
to  retain  them  us  a  subchifis. 

The  fossil  gi^mia  Belhruphon   is  closely  related   to 
Mlaniidm. 


Cla8»  IL— C*EPI1AIX>PH0RA. 


MbittiMkg  lifiih  ft  di&tinfi  html^  mih  tanUteki^  §ift§  and  mn  iti  ika  I 

the  foot  fonniuy  a  creeping  dink;  thehody  ritftcr  naked  ntitl  bUfd^rtd^f  iyi»*  1 
meU'ietil^  ot  encituted  in  n  spiral  m/u:II,  and  coMrquentlybeMnd  tlu 
a*ifmmetric4tL  Mouth  mih  pharyngml  UHh  ami  n  luif/ual  riblion.  (« 
t&phftre).  Kerrffua  mysUm  eontUting  of  four  pair»  of  ffnnfftia,  ikt  I 
todi  dmdoped,  Ttw  inUHiruf  UffunUy  endinff  n»tr  the  numth,  7%^  i 
mth  nmeMy  a  iringU  aui'icit'.  Breathing  by  a  tingU  g(U,  or  a  in 
giU  ;  a  donble  kidm^t  but  forming  a  nngle  mam,  S^m  umU$4w4 
rait.  Young  pfimdng  through  a  nu>ritUt,  gwAruUi,  mmiaiimmmi 
tphere  and  uMucdly  a  tdiger  doQ^;  in  the  tand-sntdU  dt^dttprntwi] 
direct. 

SubetOMl.  8e4MphopatUti,—^o  he*d,  several  loo^  tlin«(]4ike  taotadM ; 
fool  Ion ^,  trilobed.     Hlicll  long,  conical,  open  al  mdi 
A   single  order  SoUnocotichm,    (DtfiimlittiUt  Siphooodcttti^  ] 

lluriO 

Bub^OM^l.  Pter</}Hxla — Body  with  two  wing-like  exparmloiia  (Tiv^fuin^ 
on  tUi?  front  pnrt  of  ilie  foot,  for  swimming  :  bodjr  aakrd  of 
ahelltHi.  Henna ptmKliti^,  Ijarva  with  a  vclom  aoc 
Ord  If  r  1 ,  Tfu'tontittmUa  ( H  y al t^A,  Cleodurm,  C4Lv«»Ufta  \,    Onlir  J 

2.  GymnowmatH.     (Clione). 

SubdoHd.  Oaiitropoda.-~0rdvr  K  Froitobranehtata  (HaJioUs, ^ 

Trootiu<i«  LiiiofimL,  Ltinntia,  Patudlna,  TurrilelU,  lAnihloa, 
Cfprwa,  Str<»nibiifl,  ('assiji,  Biiccltium^  Kaana.  Porputm.^ 
Orders.  Opiathnbranrhinta.  (Bulla,  Apl,7»la.  Eolin.  DoHa.) 
Order  3.  Pulmoaata.  (LitunietiB,  Plaoorbis,  Aarleula,  Il«fls. 
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u^-Hftked  or  didl4wsrii^  matbuikM^  witii  m  I09D 
ml  himdt  Uffe  iaoir»M  ejwm,  mmd  looi  wiiJi  m  hmei- 
Vkm  ftB.  TUe  m%m  mn  <tigt5P<!i.  Eecpimtion  bj  gillA.  Or* 
dtr  1.  /^lai^'iifi  <ii» — PterotTicbea,  CknuariA,  F!rolotd««L 


ir^ri;— The 
MaiiOmt   Utti   Ih0 

I  M  ham  died  u  f«11  j  ex- 
ma  poMble.  For  OiJs 
t]li«7  Ahoiiid  be  al- 
Hd,  A»  Verrili  siiggMti,  to 
I  la  atAl«  ae»-water.  with 
f  pasta  expanded  ;  wbeo  ihe 
ia  ftcmrl J  dead,  tbe  aafi 
fMH  mn  be  fofcibljr  held  oat 
hf  lU  bftad  while  tba  animal 
it  liliad  hf  tauDeraioi^  In  alco- 
W.  SiieUa  and  other  mariae 
alBak  maj  be  obtained  bj 
Maaaa  oC  tlie  dnsdg^  {FIjt. 
ftiL  ao  ifon  Irama  with  a 
whyk  to 
d  Wight. 


are  tutj  dUBcult  to 


f^  ill*-t)i«di|«. 


CL4M  IIL — Cephalopoda  {SquuLs  (oitl  (*unh-fish*<)^ 


Characters  of  Cephalopods. -— The  essential 
I  of  this  ela^  miiy  be  observe*!  by  a  study  of  the  com- 
|titd,  represented  by  Fig,  %\t.  The  followiiig  account 
on  dissections  of  Loligo  Pealii  Le«ueur  (Fig. 
A  general  view  of  the  body  of  the  entire  6<tuid, 
vitb  Hi  amiB  and  mckers,  Is  given  in  the  acoompaDying 
aMUilmi  (Fig.  21%)  of  Lolifjo  paUida  Vcrrill  The  body 
iiitb^like,  p«^inted  behind,  and  with  two  broad  fleshy  fin- 
tlO^  txpamtionH  at  the  end  of  the  body.  The  head  is  dii^ 
'  tinet  from  the  mantle  or  bf>dy,  and  the  month  is  surrounded 
hf  acroim  of  ten  long  stout  pointed  arin5»  provided  on  the 
fancrride  with  tw^o  rows  of  alternately  arrangc*d  cup-shape*! 
lickenL  <»ch  mucker  Ix^ing  tsph^rica)^  hoUuw,  with  a  hornjf 


'.*'*~^^**""J^*'**^*^°"'°  «inld.— Drawn  by  J  8   Klni™!i.ir  f^^  tu,        ^i.     . 
ti^    The  b«lu  « ,  to  «^7„  ,,  ^tu.iS'  .1^  vo  iho  aXS;^  •""•"' 
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Aort  maflcalar  canal  with  a  Iai]ge  orifice  extending  on 
the  Tentral  side  to  the  base  of  the  tentacles.  Through 
this  siphon  passes  excrementitious  matter  as  well  as  the  ink^ 
and  the  stream  of  water  which  is  forcibly  ejected  from  the 
siphon,  thus  propelling  the  squid  through  and  sometimes 
out  of  the  water. 

The  two  gills  (Pig.  213,  ^),  are  large,  long  slender  bodies,  at- 
tached by  a  thin  membrane  to  the  inner  wall  of  the  mantle, 
and  are  quite  free  from  the  visceral  mass.  From  the  bran- 
chial Tein  arise  two  rows  of  lamellsB  like  the  teeth  of  a  comb. 
At  the  base  of  each  gill  is  a  flatted  oval  body,  the  "bran- 
chial heart,"  or  auricle  (Pig.  213,  bh).  The  auricles  are  quite 
separate  from  the  large  four-cornered  flat  ventricle  (Fig. 
813,  h)j  lying  in  front  of  the  stomach,  and  which  throws  off  an 
artery  from  each  comer,  the  aorta  being  the  largest,  and 
passing  parallel  to  the  oesophagus,  while  a  large  vein  {vena 
cava)  is  sent  off  to  the  gills  from  a  circular  sinus  in  the 
head. 

The  nervous  system  is  more  complicated  than  usual  in 
Afollttsca,  and  is  very  difficult  to  dissect  In  LoUgo  Pealii  the 
highly  concentrated  nervous  system  is  mainly  contained  in  an 
imperfect  cartilaginous  brain-box  (<y),  a  slight  anticipation  of 
the  skull  of  the  Vertebrates.  The  brain  (supraoe80])hageal 
ganglion.  Fig.  213,  d)  rests  upon  the  very  largo  optic  nerves, 
which  dilate  at  the  base  of  the  eye,  the  latter  being  partially 
imbedded  in  sockets  in  the  brain-box.  The  visceral  (parie- 
tosplanchnic)  ganglion  lies  beneath  and  a  little  ])chind  tlie 
brain,  supplying  the  nerves  for  the  ears  (otocysts),  which 
are  enclosed  in  the  cartilaginous  brain-box,  and  there  is  a  fine 
canal  leading  from  the  ears  to  the  surface  of  the  l>ody,  so 
that,  as  Oegenbaur  states,  it  is  possible  to  distinguish  a  mem- 
branous and  a  cartilaginous  labyrinth,  analogous  to  the 
similar  parts  found  in  the  Vertebrates.  The  pedal  ganglion 
(Fig.  213,^)  is  paired  with  the  visceral  ganglion  (Fig.  213,  ?»)> 
but  lies  in  front  of  it,  behind  and  under  the  bulbous  pha- 
rsmxy  and  from  it  arise  ten  nerves  (/),  which  are  distributed  one 
to  each  arm,  passing  between  the  two  rows  of  suckers.  Two 
smaller  ganglia,  the  superior  buccal  and  inferior  buccal,  lie 
one  above  and  one  below  the  beginning  of  the  (esophagus. 
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nd  a  day  later  the  rudiments  of  the  ears,  of  the  pharynx 
ad  saliTary  glands ;  while  a  day  or  two  after,  the  ventri- 
de,  auricles,  the  kidneys,  the  ink-sac,  and  liver  develop. 
Oontrary  to  the  usual  rule  the  ganglia  an'se  from  the  middle 
instead  of  the  outer  germ-layer.  After  this  the  germ  grad- 
lAlly  develops  until  it  rises  above  the  surface  of  the  egg, 
aad  soon  the  yolk  is  partly  absorbed  and  is  contained  in  u 


Fio.  217.  Fio.  218. 

Pig.  «n.— Embryo  of  LoHqo  PealH.  a,  of,  a'^,  a"",  tho  right  arms  belonging  to 
«r  pairv :  e.  the  Hide  of  the  head :  e,  the  eve  ;  /,  the  caudal  fln» ;  h.  the  heart ;  m, 

0  mantle  to  which  the  color  veoiclea  are  nlrcacfy  developed  and  capable  of  cbang- 
ftbetr  culors  ;  o.  the  internal  cavity  of  the  eari« ;  f,  fiphon.— After  Verrill. 

Fta.  2ia— The  same  as  Pig.  217,  but  more  advanced.  The  lettering  in  Figs.  217  and 
8  ue  aame.— Both  after  VerrlU. 

irge  yolk  sac,  as  in  Figs.  217,  218.  Finally  the  young  cut- 
le-fish  hatches  in  the  form  indicated  by  Fig.  219,  and  then 
arims  free  upon  the  surface  of  the  sea. 
The  development  of  Cephalopods  in  general  is,  then,  di- 
3Ct,  i.e.,  there  is  no  metamorphosis,  the  phases  of  meta- 
lorphosis  seen  in  most  other  mollusks  not  appearing  ;  but 

1  an  unknown  spscies  of  cuttle-fish  whose  eggs  were  found 
oating  on  the  Atlantic,  the  germ,  after  the  partial  segment- 
tion  of  the  yolk,  assumed  a  free  swimming  condition  (Fig. 
10)  before  the  definitive  features  (Fig.  221)  of  the  cuttle-fish 


1/ 
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rnfnrnal  coiled  ghell.     The  ghellg  of  Spirula  Peronii  Lu- 
j  rarelj  thro^ii  ashore  on  Nantucket ;  it  lives  upon 


li^oumbtsaAikff 


filpbaacle.  lUlC  iiatunU  <i&e.— Prom  Teuiiejr'«  Zo- 


Iho  high  Bea&     The  extinct  Belemnites  waa  proTided  with  an 
air-caTity  (phragmocone)  with  a  straight  shell,  the  **  thunder- 


tig    iig..— t^otilpBarCcrmmuu  ottMpuf  of  untolliCD  CoftSL 

bolf^  foteiL    Allied  to  Loligo  and  Ommasirephes^  are  gigim- 
tic  cttttle-fifihcvS  which  live  in  mid-ocean,  but  whose  remains 
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Tho^e  weird,  liorrify'mg  creatures,  the  Ortopi,  are  very  soft- 
*:      bodied,  and  live  on  shore  just  below  or  at  low-water  mark,  or 
'm     in  deeper  water.    They  have  no  shell  or  pen.    Octopus  punc" 
m     taius  Gfabb  expands  4^  metres  (14  feet)  from  tip  to  tip  of  the 
w      ODtstretched  arms.    They  are  brought  of  this  size  into  the 
r       markets  of  San  Francisco,  where  they  are  eaten  by  Italians 
and  Chinese.     An  Indian  woman  at  Victoria,  Yanconver 
Island,  in  1877,  was  seized  and  drowned  by  an  Octopus,  prob- 
ably of  this  species,  while  bathing  on  the  shore.    Smaller  spe- 
cies on  ooTiil  reefs  sometimes  seize  collectors  or  natives,  and 
fastening  t>  them  with  their  relentless  suckered  arms  tire 
and  frighten  to  death  the  hapless  victim.     Octopus  Bairdii 
Verrill  (Fig.  224)  inhabits  the  Gulf  of  Maine  at  from  fifty 
to  one  hundred  fathoms. 

The  Argonauia,  or  paper  nautilus,  has  a  beautiful,  delicate 
shelL  A.  arjTO  lives  in  the  Mediterranean,  and  in  deep  water 
70  to  100  miles  off  the  coast  of  Southern  New  England.  The 
animal  lives  in  the  shell,  but  is  not  permanently  attached  to 
it,  the  shell  not  being  chambered,  and  holds  on  to  the 
sides  by  the  greatly  expanded  terminations  of  two  of  its 
arms,  which  secrete  the  shelL  The  males  are  very  small,  not 
more  than  five  centimetres  (one  inch)  in  length.  During 
the  reproductive  season  the  third  left  arm  becomes  larger 
and  different  in  form  from  the  others,  and  becoming  encysted 
is  finally  detached  from  the  body,  and  deposited  by  the  male 
within  the  mantle-cavity  of  the  female,  where  the  eggs  in  a 
way  unknown  are  fertilized  by  the  spermatic  bodies.  The 
free  arm  was  supposed  originally  to  be  a  parasitic  worm,  and 
was  described  under  the  name  of  Hectocotylus. 

The  living  species  of  Cephalopods  have  a  wide  geographi- 
cal range,  and  a  high  antiquity,  the  earliest  forms  appearing 
in  the  Lower  Silurian  Period,  while  the  type  culminated  in 
the  Triasaic,  Jurassic  and  Cretaceous  Periods. 


Class  III.— CEPHALOPODA. 

MoUatk%  with  the  head-lobe  divided  into  arms,  uauaUy  provided  wUh 
tuckers  ;  eyee  mare  highly  organized  than  in  any  other  invertebrate$  ; 


i84  XOOLOQr. 

gim&H»  eaptik;  pharpm  mvtmtA  «M  tm9  Udk  Uv  «  pmmts  hmk,  %§f. 
Mm  on  cdmiiiopkar§,    Smrm  dkUmeL    Uimallif  iewet^pmimt  4$ 
wUk  no  vMiiuimphmU  ;  9tiffmmkiUm  ^ik$  fA  pmriU,  mmd  m, 
U9e  iireak  iiprmmU  m$  <»  birds  ami  rijSffWi 

Ordurl.  MralrMMlUala.— Wtth  foarglllik    (NAatlln^ Uvliiff :  Qkw 

thoeen%Qoiil«tltM»  Ammmaum,  ttttaet) 
Onbr2.  lN»r«fM«ala.— WlUi  two  gOlm,    (flplnlA. 

tilled  SepI*,  ArehlteiiUiUt  LollfOb 

Argonaate.) 

TABUukR  Vmr  or  tbb  Clamu  or  Molloiqa, 
CephalopodtL  ] 


LameOibmnekitlM, 


M0LLU8OA. 

Laboralarff  WoTh.—TYk^  cuttles  are  not  easy  to  diMect  A 1 
tal  flection  tbrough  the  bead  wUl  show  the  relations  of  the  cnitUairiBons 
capsale  to  the  brain,  optic  nerves  and  eyes.  The  nenrons  ganglia  caa 
oniy  be  traced  after  tedious  dissection.  To  stodj  the  Tisceia  ftasUr* 
killed  specimens  are  quite  essential. 
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CHAPTER  VII. 

BRANCH  VIL— ABTHROPODA  (Crustaceans  and 
Insects). 

General  Charaoten  of  Arthropods. — ^To  this  group  be- 
long those  Articulates  which  have  jointed  appendages,  i,  e.y 
antenna?,  jaws,  maxill®  (or  accessory  jaws),  palpi,  and  legs 
Arranged  in  pairs,  the  two  halves  of  the  body  thus  being 
more  markedly  symmetrical  than  in  the  lower  animals.    The 
Ain  is  usually  hardened  by  the  deposition  of  salts,  carbon- 
ate and  phosphate  of  lime,  and  of  a  peculiar  organic  sub- 
stance, called  chitine.      The  segments  (somites  or  arthro- 
meres)   composing  the  body  are  usually  limited  in  num- 
ber— twenty  in  the  Crustaceans  and  eighteen  in  the  insects — 
while  each  arthromere  is  primarily  divided  into  an  upper 
(tergum),  lower  (sternum),  and  lateral  portion  (pleurum). 
These  divisions,  however,  cannot  be  traced  in  the  head  either 
of  Crustaceans  or  insects.     Moreover  the  head  is  well  marked, 
with  one  or  two  pairs  of  feelers  or  antennae,  and  from 
two  to  four  pairs  of  biting  mouth-parts  or  jaws,  and  two 
compound  eyes  ;  besides  the  compound  eyes  there  are  simple 
eyes  in  the  insects.    The  germ  is  three-layered,  and  there  is 
usually  a  well-marked  metamorphosis.      The  Arthropoda 
are  nearest  related  to  the  worms,  certain  Annelides,  with 
their  soft- jointed  appendages   (tentacles  as  well  as  lateral 
cirri)  and  well-marked  head  anticipating  or  foreshadowing 
the  Arthropods.     On  the  other  hand,  certain  low  parasitic 
Arthropods,  as  lAnguatula.  have  been  mistaken  for  genuine 
parasitic  woitos.     So  close  are  the  affinities  of  the  Vermes 
and  Arthropods  that  they  were  by  Cuvier  united  as  a  Branch 
Articulata,  and  while  the  Annelides  and  Arthropods  may 
have  had  a  common  parentage,  the  recent  progress  in  our 
knowledge  of  the  worms,  has  led  natumlists  to  discard  the 
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^Mk  two  bod J-* 
tke  h»d-tkoi»s 

thfoa^ 

iki  Immeim  (1W 

iolo  tiiSTf 

■od  wbicfa 
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. — Tim  iTpioBi  iamu 


fDrliiti 
ofllielfidilkMdWi 

The  bodj  of  the  lobeter  oonriiti  of  aqi;iiieiits  {mmii$ 
arihf^mermjt  whtdi  in  the  ebdonen  mn  nen  to  form  m  cot 
ykte  riogt  betfitig  a  peir  of  jointed  appeodi^ei^  which  aro 
lEuerted  between  the  atonnm  and  tetgum^  the  pleunua  not 
Mnj^  well  marked  in  the  ahdominal  segmenta.  The  abdo* 
r  u  of  neren  ecgments^     One  uf  tlicse  segments 

( i  I     "  '  '  Jf )  I  hrjnW  be  fiepanited  from  Uie  others  by  the  inta- 

'^-  iij  nrji  I  N>  ohnrrvit  ttie  mode  of  Sn«ertiuu  of  the  lej?». 
'Usui  iHttiri  but  a  single  pair  of  ap|»eiicliigc8y  and  it 
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is  a  general  rule  that  in  the  Arthropods  each  segment 
but  a  single  pair  of  appendages.  The  abdominal  fcset  atv 
calknl  *'8wimmerets  ;'*  they  are  narrow,  slender,  dividcni  at 
the  end  into  two  or  three  lobes  or  portions,  and  are  naed  for 
swimming,  as  well  as  in  the  female  for  carr}"^ing  Uie  egga 
The  first  pair  are  slender  in  the  female  (Fig.  226,  B  ? )  and  not 
divided,  while  in  the  male  (Fig.  22G,  B  <* )  they  are  much 
larger,  and  modified  to  serve  as  intrnmlttent  organs*  Thi 
sixth  segment  (Fig.  226,  G)  bears  broad  paddle4ike  append* 
ages,  while  the  seventh  segment^  forming  the  end  of  thfl 
body  and  called  the  '*  telson/'  bears  no  apjiendages.  It  n?p- 
resenta  mostly  the  tcrgnm  of  the  sogmenL  Turning  now  to 
the  cephalo-thorax,  we  see  that  there  are  two  pairs  of  an* 
tennse,  the  smaller  pair  the  most  anterior  ;  a  pair  of  mmdv 
bles  with  a  palpus,  situated  on  each  side  of  the  montk; 
two  pair.^  of  maxillie  or  accessory  jaws,  which  are  flat.,  di* 
vided  into  lobes,  and  of  unequal  size ;  three  pairs  of  fool- jaws 
(maxillipede^),  which  dififer  ivoux  the  maxillje  in  having  gQIi 
like  those  on  tlie  five  following  pairs  of  legs.    Th*  hoi 

thirteen  pairs  of  cephalo-thoracic appendages,  ind  Juil 

there  arc  thirteen  corresponding  segments  ;  these,  wiih  the 
seven  abdominal  segments,  indicate  that  there  an>  iw«n^ 
segments  in  a  typical  €ni8tacean.  By  some  aiiihoni  thft^fii 
are  regarded  as  tiomologue^  of  the  appendages,  but  in  mAj 
life  they  are  seen  Uy  be  developed  on  the  8etHni<l  anti^^nnal  ieg< 
meat,  as  they  are  in  the  lower  Critstacea.  They  aw  nmpty 
modified  epithelial  cells  of  the  body-walls,  as  in  tlie  ojlH  oC 
tlie  lower  invertebrates.  Tlie  ears  are  situated  in  tbeimudlfr 
antennae  (Fig.  226,  a%  In  the  stHiond  or  larger  antenoA 
situated  the  openings  of  the  duets  (Fig.  226,  h)  leading  U&m 
the  ''green  glands,"  while  the  external  openings  of  tho ori 
ducts  are  situated,  each  on  one  of  the  third  puir  of  IhofttCia 
feet. 

It  is  impossible,  except  by  counting  the  appendages  tbitt* 
selves,  to  ascertain  with  certainty  the  number  of 
in  the  cephalo-tborax,  the  dorsal  portion  of  the  segoieo* 
ing  more  or  less  obsolete,  but  the  campact*,  or  ahield  of 
he44d>thorax,  may  be  seen,  after  close  examination^  lo 
rG&cnt    the    aocond    anleixiuiX   ^tv4    toMu^xtNax 
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and  is  so  developed  as  to  cover  the  other  cephalo-thoracic 
segments,  thus  exemplifying,  in  an  interesting  way,  Audon- 
in's  law  of  the  development  of  one  segment  or  part  of  a 
segment  at  the  expense  of  adjoining  parts  or  segments ;  this 
law,  80  nniveisal  in  the  ArthroiKKls,  as  well  as  throughout 
the  animal  kingdom,  also  applies  to  the  appendages. 

The  same  parts  are  to  be  found  in  ihQ  crab,  but  in  a  modi- 
fied form,  owing  to  the  development  or  transfer  of  the  weight 
of  the  organization  headwards ;  in  other  words,  the  crab  is 
more  cephalized  than  the  lobster ;  this  is  seen  in  the  small 
abdomen  folded  under  the  large,  broad  cephalo-thorax,  and 
in  the  greater  concentration  headwards  of  the  nervous  sys- 
tem of  the  crab. 

To  stady  the  internal  structure  of  the  lobster,  the  dorsal 
surface  of  the  carapace  and  of  each  abdominal  segment 
should  be  removed  ;  in  so  doing  the  hypoderwis  or  soft  inner 
layer  of  the  integument  is  disclosed  ;  it  is  usually  filled  with 
red  pigment  cells.  The  dorsal  vessel,  or  heart,  lies  under 
the  hyx>odermi8  of  the  carapace,  this  being  an  irregular 
hexagonal  mass  surrounded  by  a  thin  membrane  (pericar- 
dium) with  four  valvular  openings  for  the  ingress  of  the 
venous  blood.  The  colorless,  corpusculated  blood  is  pumped 
by  the  heart  backwards  and  forwards  through  three  anterior 
arteries,  one  median  and  two  lateral,  the  median  artery  pass- 
ing towards  the  head  over  the  large  stomach,  and  the  two 
lateral,  or  hepatic  arteries,  passing  to  the  liver  and  stom- 
ach. From  the  posterior  angle  of  the  heart  arise  two 
arteries  ;  the  upper,  a  large  median  artery  (the  superior  ab- 
dominal), passes  along  the  back  to  the  end  of  the  abdomen, 
sending  off  at  intervals  pairs  of  small  arteries  to  the  large 
masses  of  muscles  filling  the  abdominal  cavity  ;  the  lower  is 
the  second  or  sternal  artery,  which  connects  with  one  extend- 
ing along  the  floor  of  the  body  near  the  thoracic  ganglia 
of  the  nervous  cord.  The  arteries  become,  at  least  in  the 
liver,  finely  subdivided,  forming  a  mass  of  capillaries.  There 
are  no  veins  such  as  are  present  in  the  Vertebrates,  but  a  series 
of  venous  channels  or  sinuses,  through  which  the  blood  re- 
tarns  to  the  heart  There  is  a  large  vein  in  the  middle  of  the 
ventral  side  of  the  body. 
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The  blcM3d  is  driTen  by  iht*  heart  throngh  tho  arteries,  mid 
a  large  part  of  it,  forced  into  tlie  capilhiries,  is  coUecU^i  hy 
the  ventral  venoua  ginus,  and  tlience  j>assi ug  throagh  the 
gilJg,  where  it  is  oxygenated,  retnrns  to  the  heiirt. 

The  gills  are  appendages  of  the  three  pairs  of  mas^illi* 
pedes  and  the  five  pairs  of  fcet^  and  are  contftini^  in  i 
chamber  formed  by  the  earajmce  ;  the  sea-water  paasing  mta 
the  cavity  between  the  body  and  the  f r^e  edge  of  the  vmxm^ 
pace  is  afterwards  scooped  ont  through  a  large  opening  or 
passage  on  each  side  of  the  head,  by  a  memhnuioufl  &p{)eQd- 
age  of  the  leg,  called  the  **gill-h»ilrr '*  {Scttphoijunthilr)^ 

The  diges^tive  system  consists  of  a  mouth,  opening  between 
tliG  mandibles,  an  oD^ophagns,  a  large,  membranouB  gtomaclit 
with  very  large  teeth  for  crushing  the  food  within  the  largB 
or  cxu-diac  portion,  while  the  posterior  or  pyloric  end  forms 
a  Btrainei  through  which  the  food  presses  into  the  lon^ 
etraight  intestine,  which  ends  in  the  telson.  The  liver  if 
very  large,  dnrk  green,  witli  two  dnct«  emptying  on  each  ade 
into  tho  junction  of  the  etomach  with  the  intestine. 

The  nervous  eystem  consists  of  a  brain  sitiuited  directlj 
under  the  base  of  the  rostrum  (jtupraoBsophageal  ganglion), 
from  which  a  pair  of  optic  nerves  go  to  the  two  eyea,  smd  s 
pair  to  each  of  the  four  antennaB.  Tho  mouth*pari«  mxt 
supplied  with  nerves  from  the  infraa^^ophageal  gangiicMiy 
which,  with  the  rest  of  the  nervous  system,  lies  in  m  lownr 
plane  than  the  brain*  There  are  behind  these  two  guigitt 
eleven  others ;  the  ceplmlo4horacic  portion  of  the  oofd  it 
protected  above  by  a  framework  of  solid  prooeeeefty  wbidl 
forms,  as  it  were,  a  *' false-bottom*'  to  the  CH^pfaAlo-tliofix ; 
this  has  to  be  carefully  removed  before  the  nervona  cool  eao 
be  hud  hare,  A  FynijKitlietic  nerve  parses  around  eaeb  Biti 
of  the  cmiiphagUH  and  distributes  branches  to  the  ttoi 

The  nerves  of  special  sense  are  the  optic  and  wadx\ 
nerves.  The  eyes  are  compound,  namely,  eompoeed  of  nwoj 
simple  eyes,  each  coTisisttng  of  a  cornea  and  crjfwimBim 
cenff  connected  behind  with  a  long,  slender  conneeHv^  mi^ 
uniting  the  cone  with  a  spindle-shaped  body  retliiig  on  or 
aguinst  an  expansion  of  a  fibre  of  the  optic  noniH  And  ii 
mMlw^thvd  by  a  rcUua  or  \>\m^V  \AgmTOH.  tm»  ^Vf^tM  il* 
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Thongb  as  many  images  may  be  formed  in  each  eye  as  there 
aro  distinct  crystalline  cones,  yet,  as  in  man  with  his  two 
ejesy  the  effect  upon  the  lobster's  mind  is  probably  that  of 
s  mgk  image. 

The  lobster's  ears  are  seated  in  the  base  of  the  smaller  or 
first  antennie ;  they  may  be  detected  by  a  clear,  oval  space 
on  the  upper  side  ;  on  laying  this  open,  a  large  capsule  will 
be  discovered ;  inside  of  this  capsule  is  a  projecting  ridge 
covered  with  fine  hairs,  each  of  which  contains  a  minute 
branch  of  the  auditory  nerves.  The  sac  is  filled  with  water, 
in  which  are  suspended  grains  of  sand  which  find  their  way 
into  the  capsule.  A  wave  of  sound  disturbs  the  grains  of 
aind,  the  vibrations  affect  the  sensitive  hairs,  and  thus  the 
impression  of  a  sound  is  telegraphed  along  the  main  audi- 
tory nerve  to  the  brain. 

Organs  of  touch  are  the  fine  hairs  fringing  the  mouth- 
parts  and  legs.  The  seat  of  the  sense  of  smell  in  the  Crus- 
tacea is  not  yet  known,  but  it  must  be  well  developed,  as 
nearly  all  Crustacea  are  scavengers,  living  on  decaying  mat- 
ter. Crabs  also  have  the  power  of  finding  their  way  back  to 
their  original  habitat  when  carried  off  even  for  several  miles. 
The  two  large  so-called  "green  glands"  situated  on  each 
side  within  the  head-thorax,  and  having  an  outlet  at  the 
base  of  each  of  the  larger  antennae,  are  probably  renal  in 
their  functions,  corresponding  to  the  kidneys  of  the  verte- 
brate animals. 

The  ovaries  and  corresponding  male  glands,  are  volumi- 
nous organs,  the  testes  being  white,  and  the  ovaries,  when  the 
lobster  is  about  to  spawn,  being  highly  colored,  usually  pale 
green,  and  the  ovarian  eggs  are  quite  distinct.  The  lobster 
spawns  from  March  till  November ;  the  young  are  hatched 
with  much  of  the  form  of  the  adult,  not  passing  through  a 
metamorphosis,  as  in  most  shrimps  and  crabs.  They  swim 
near  the  surface  until  about  one  inch  long,  when  they  re- 
main at  or  near  the  bottom. 

The  lobster  probably  moults  but  once  annually,  during  the 
warmer  part  of  the  year,  after  having  nearly  attained  its 
maturity,  and  when  about  to  moult,  or  cast  its  tegument,  the 
carapace  splits  from  its  hind  edge  as  far  as  the  base  of  the 


202 


ZOOLOGY. 


rostmm  or  Kpuk,  where  it  is  too  solid  to  wpamte.  The  lol 
then  dmws  its  body  out  of  the  rent  m  the  anterior 
the  eampace.  The  claw — at  thiB  time  soft,  tieehy,  and  vety 
wateiy — is  drawn  out  through  the  basal  joint,  withoat  anr 
8plit  in  the  old  crust  Id  moulting,  the  stomach,  with  the 
solid  teeth  in  the  cardiftc  j>ortion,  is  cast  off  with  the  old  m- 
tegument ;  why  the  stomach  can  thus  be  rejected  is  explaaiied 
by  the  fact  that  the  mouth,  oesophagtis,  and  stomach  am  eoii* 
tinuous  in  early  embryonic  life  with  the  epithehnm  formii^ 
the  outer  gorm-layer,  the  mouth  and  anterior  jKU-t  of 
alimentary  canal  being  the  result  of  an  invaginatioa  of 
ectoderm-  The  old  skin  is  originally  loosened  iind  pa 
away  from  the  liypodermis,  or  under-layer,  by  the  growih  of 
temporary  stiff  hairs,  which  disappear  after  the  skin  i«  cset  ; 
the  hairs,  however,  at  least  in  the  emw-fish,  do  not  occur  on 
the  line  of  the  facetted  cornea,  on  the  eye-*ftalk^  or  on  tlie 
inner  lamellae  of  the  fold  of  the  carapace  over  the  gill* 
ofvening. 

The  student  is  now  prepared  to  understand  the  de^crip- 
tiona  of  the  tj7>e9  of  the  different  orders.  The  Crustaeen 
may  be  divided  into  two  seriea  of  orders,  or  two  wnhfliiwii, 
t.  e,^  the  normal  Crustacea,  in  large  part  cx>mpoaed  of  qxw 
cies  now  living,  though  eontaiiiing  numerous  jmlttcksoic  iortoi^ 
for  which  we  would  propose  the  term  Neocarida  ;  and 
more  generalized  type  of  Crustacea,  which  abonnded  al 
to  the  exclusion  of  other  Crustacea,  except  the  biTahed  mi- 
nute forms,  in  the  Palfeozoic  age  of  the  world,  and  whii^h 
may  be  called  the  Palwocarida.  They  are  represeDted  by 
the  fossil  TrilohitcH  and  Eurifpierida,  and  the  only  eunrmng 
meml>cr,  the  King-Crab  {Limnlus)* 

We  will  now  study  the  orders  of  Neiwarida^  troftlangof 
them  as  heretofore  in  the  ascending  order. 

Order  L  Cirripedta. — The  barnacles  would,  at  a  fifvt 
glance,  hardly  be  regarded  as  Cnistjieea  at  all.  00  mocli 
modified  is  the  form,  owing  probably  to  their  fixed,  paa- 
si  tic  mode  of  life.  Indeed  they  were  formerly  plactsd 
the  MollDsca^  until,  in  18^16,  Thompson  found  that 
yonng  barnacle  was  like  the  lar\a  of  other  loir  C 
{Copeimla).     The  barnacle  is,  as  io  the  common  »eii»ile 
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(Fig.  S87)y  a  ahell-like  animal,  the  shell  composed  of  several 
pieoesy  with  a  maltiyalvc,  conical  movable  lid,  having  an 
opening  through  which  several  pairs  of  long,  many-joint- 
ed, hairy  appendages  are  thmst, 
thus  creating  a  current  which  sets 
in  towards  the  month.    The  com- 
mon barnade  (Balanus  balanou 
des  Stimpson)  abounds  on  every 
rocky  shore  from  extreme  high- 
water  mark  to  deep  water,  and 
the   student  can,  by  putting  a 
group  of  them  in  sea-water,  ob- 
serve the  opening  and  shutting 
of  the  valves  and  the  movements      fi^:.  ssr.-A  barmicie.   Bakmu$ 
of   the    apx)endages  or   "cirri.''  V"'^^^'^^- 

The  structure  of  the  barnacle  may  best  be  observed  in 
dissecting  a  goose  barnacle  (Lepas  fascicularis  Ellis  and 
Solander,  Pig.  228).  This  barnacle  consists  of  a  body  {capU- 
ulum)  and  leathery  peduncle.  There  are  six  paira  of  jointed 
feet,  representing  the  feet  of  the  Cyclops  (Fig.  236).  The 
mouth,  with  the  upper  lip  mandibles  (J9,  1),  and  two  pairs 
of  maxill»«  will  be  found  in  the  middle  of  the  shell.  A 
short  oesophagus  (according  to  J.  S.  Kingsley,  whose  ac- 
count we  are  using)  leads  to  a  pouch-like  stomach  and  tubular 
intestine.  This  form,  like  most  barnacles,  is  hermaphroditic, 
the  ovary  {A,  o)lying  at  the  bottom  of  the  shell,  or  in  the 
pedunculated  forms  in  the  base  of  the  peduncle,  while  the 
male  gland  (/)  is  either  close  to  or  some  distance  from  the 
ovary.  There  is  also  at  the  base  of  the  shell,  or  in  the  pe- 
duncle when  developed,  a  cement-gland,  the  secretion  of 
which  18  for  the  purpose  of  attaching  the  barnacle  to  some 
rock  or  weed. 

While  the  sexes  are  generally  united  in  the  same  indi- 
vidual, in  the  genera  Ibla  (Fig.  229)  and  Scdlpellum  (Figs. 
230,  231),  besides  the  normal  hernuiphroditic  form,  there 
are  females,  and  also  males  called  ''complementary  males," 
which  are  attached  parasitically  both  to  the  females  and 
the  hermaphroditic  forms,  living  just  within  the  valves  or 
fastened  to  the  membranes  of  tlie  body.     These  comple- 
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menbil  males  are  degradetl,  imperfect  forma,  with  sonictiniai 
no  mouth  or  digestive  canaL  The  apparent  design  in  natart 
of  their  different  sexual  forms  is  to  effect  crofls  fertjltzmttcia* 
The  egg^  pass  from  the  ovaries  into  the  body-cavity,  whero 


monrarv  ni  luich;  A,  a|'<  « 

i<totti«cri«  V.  I  i'vn;  i,  inU-i  *»* 

defenntU,  on<'  vui  <►«  ,  p,  inmo  rijirH^iiiini»e  ;  o,  ovHry  ;  #,  AUdiiruu  mun-u-  cimovruatf 
tlie  two  \Mm\  v^ves;  t»,  Pcutal  voive  ,  iv,  c«Jlual  vd^*  ;  H,  Imgltlt  «ilv«,  iillUM 
twice. 

C.  Nt'^^  j»,  hriilii,  m-iuHuj. 

each  optif  tM  J  an  ctitiirtfefnent  ij<  .  ^ 

bpi«^««u  o  Aiiii  4^1  lire  ilic  nerve*  which  go  to  in<«  |HHianrir  :  w.  vtrr^  #«iiit  u*  ui«  4at* 
cTvftor  jicutorum  ;  A,  eoiBMliraivbetwt«n  thtauni-  tnd  l«iliwnfi>l(pilfMi0tp|l<a 
^,  <?.  <?,  4?,  A  r  iiervi)«to  eftdi  of  Lbe  •Ix  feet    BolanN  fofltf  llttllu'  glir  Wipi^p, 

they  are  fertilized,  and  remain  for  some  time.    They  pMi 
through  a  morula  condition^  a  suppressed  gastmln  or  two- 
layered  Btate^  and  Imtch  in  a  form  eulled  a  Nauplius,  (rooi 
Uw  fnct  thai  the  froe-swimmiu^  W\«tol  0^1gA.\»RBfiiftacieik 
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^m  rtt  fii^t  thought  to  be  au  jwiuU  Cmatiicean,  and  descrilxjd 

under  the  name  of  Nauplius.     Tlie  Nauplius 

of  the  genuine  barmiclcs  (Fig»  ^33)  has  three 

paiis  of  legs  ending  in  long  bristles,  with  a 

single  eye,  and  a  pair  of  antennae,  the  body 

ending  in  front  in  two  horns,  and  postericirly 

in  a  loDg  oandal   spine.      After    swimming 

iboat  for  a  while,  the  Nauplius  attaches  it- 

aelf  to  some  object  by  its  antennae,  and  now  a      ^^  ^^  _j^j^ 

ftrango  transformation  resulta.     The  body  is  SHe^'iTniirirtd- 

tnclnsed  by  two  sets  of  valves,  appearing  as  if  ^ncr  Darwin.  ' 

Uvalved;  like  n  Cypria  (Fig.  233) ;  tlie  peduncle  grows  out, 


Fig.  S8U— Coinr>li*' 
mentary  mile  of  4c(il- 
piUum  rt^um,  ^rearly 
•nl«j^»d  —  A  fie  r   Wy- 


Tig  'S^.^Senlwllum  return,    a,  complfTfipntary 
lliAJf«    lodctd   withlo   th«  v«lvce.  — After  WyviUo 


tIfVl 

tht  ittLU  Qm 

loi^  rooi-lilce  fil»> 
nsenta,  wlitcfi  ntmifj  in  the 
body  of  the  crab,  to  which 
tliaii»  Hfii mills  are  firmly  an- 
chopDd*  We  can  conceive  of 
no  iriwer.  more  flegradccl  Crus- 
(Aoenn  than  th<*je  rtK>t-biirnii- 

**"'*,  the  only  gi^tii  of  life  J>cin^  Iho  |iowerfnl  con  tractions  | 
«U  an<]  an  alternate  ex|»iin4>ion  and  coatniction 
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flie  body,  forcing  the  water  into  the  brood-cavitj%  and  aguin 
expelling  it  through  a  wide  orifieo.     These  root-barn*icles 
_^  recall  the  Tromatode  warms^  though  tho 

latter  are  much  more  highly  orgimixed. 
An  allied  form  (Crypiophialus  minutuit) 
undergoes  the  larval  or  Nanplius  stage 
in  the  egg^  hatching  in  the  pupa  condi- 
tion, while  another  form  (a  species  of 


,^> 


j^ 


7 
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>..2^m«Sr^  PeUoganterf)  aUo  leaves  the  egg  in  the 

-i^m  Brebfo't  pnpa  form. 

Order  2.  Entomodraca  (Water-fleas)* 
—The  type  of  thia  gronp  is  Cyclops  (Fig»  23G,  C\  quad- 
ricornis,  see  also  Fig.  237)  in  which  the  body  m  pear- 
shaped^  with  a  single  bright  eye  in 
the  middle  of  the  head ;  two  pairs 
of  mnletin®,  used  for  swimming  as 
well  as  seDSGvorgans ;  biting  mouth- 
jiuta,  End  with  short  legs.  The 
aexes  aro  distinct^  the  females  swim- 
nting  About  with  two  egg-masses 
aUaehed  to  the  base  of  the  ab- 
domeiLi  The  young  is  a  Nauplius^ 
much  like  that  represented  in  Fig- 
434 »  Uic  moutliMirgans^  the  legs 
and  abdominal  segments  arising 
afta*  miccessive  moults,  until  the 
adoli  form  is  attained.  Allied  to 
Qjclops  18  CanthocampiuB  camr- 
wrum  Psickard  (Fig.  238),  an  eyed 
species^  living  in  Willie's  Spring,  in 
Maminoth  Care. 

Many  EntomoRtrara  ai*e  parasitic, 
and  consequently  undergo  a  retro- 
grade development,  losing  the 
jointed  structure  of  the  body,  the 
endages  being  more  or  less  j 
>rted,  while  the  body  increases  *^i*rk; 
greatly  in  size.     Such  are  the  Csh-licc,  represented  by  (he 


leart:  rg,  egg»;  /*  '**«*.— A fref 
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FIjj.  aST,— Intcsifne  Riid  U?fttl«  (A  of  •   f<i|><«pod 

A,  blind  mc  iettdirtiT  fW>in  the  Atomiieh  ^  i,  fiite»« 
ripe;  <-,  hetn  ;  Ptf,  coUod  Vttsdefercai*.— After  CtiUta, 
from  Gegenbaur. 


Ill  LerneofiBTna  radiata  Steenstrap  and  Ldtki^n  (Fig.  231)),  I 
we  find  the  lowest  term  in  the  eeries  of  degradational  (arniAj 

of   this  order, 
inoutli-part«  are  i 
conTcrtod     into 
roota,  nidiatitig 
the  heud  ;  Itie 
isiioteegmentedpt 
ends  m  two  long  i 
maasea. 

In    PtntUa    (Hg.) 
241)  the  body  is  < 
like,   buried   in    iJbm\ 
flesh  of  the  siin-fidh  or  sword-fish^  etc.|  the  feimile»  ha¥j| 
two    long,   string-like 
egg*sac&     The  speci- 
men figured  was  taken 
from  a  6word-fifih  off 
Portland,  Maine, 

In  Lernwn  branchia- 
Us  Linn,  of  the  gills  of 
the  cod,  the  body  ia 
thicker,  the  root-Iiko 
appendages  grow  deep 
into  the  flesh  of  ita 
host,  like  twisted  and 
gnarled  roots,  while  the 
8ha[>elees  sac-like  body 
is  filled  with  egg^. 

In  Aetherex,  we  as- 
cend a  step  higher  in 
the  perfection  of   or- 
gans ;  the  creatnre  13 
attached  by  a  pair  of 
jaws    which    unite    to 
form  a  sucker,  the  an-  ^^'"^^  ' 
ionnvG  are  present,  though  rudimentary,  white 
the  abdomen  is  faintly  segmented*     J,  Carpenieri  Packard 
(Fig,  240)  Jives  i>n  tVic  ivoul'm  CcAotoAc^, 


of  ManamuCh  C«vet 
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Fig.  dlO.~Acthere8  of  the  tront 


The  hi^iert  membere  of  the  gronp  of  sacking  Entomo- 
fltraca  are  OaUgus  and  Argulus,  in  which  the  body  ij  seg- 
mented, with  antennse  and  free 
month-parts  and  legs;  the  latter 
genns  with  compound  eyes.  Cali" 
gus  curtus  Mtlller  liyes  on  the  cod, 
and  ArguluB  alosm  Ooold  on  the 
alewife. 

Order  3.  Branchiopoda. —TlnB 
order  inclndes  such  Gmstacea  as 
in  the  higher  forms  breathe  by 
mther  broad  feet  There  is  a  con- 
siderable range  of 
form  from  the 
Ostracoda,  repre- 
sented by  Cypris, 
in  which  the  feet 
are  much  as  in  Cy- 

clops,  through  Daphnia  and  Sida  (Fig.  242) 
which  represent  the  Ckulocera,  up  to  the 
Phyllopods.  The  suborder  of  Ostracoda 
(Cypris)  arebivalved,  the  shell  often  thick. 
They  have  two  eyes,  two  pairs  of  antennae, 
a  pair  of  mandibles  with  a  jointed  feeler 
(palpus)  and  a  gill,  and  four  pairs  of  feet, 
/  ^"^  ^  ^®  second  pair  often  carrying  a  small  gill. 
I  J\     J      The  shells  of  certain  species  allied  to  Cypris 

^  L— ^  J-  ^  abound  in  the  lowest  Silurian  strata.  The 
species  live  in  fresh-water  pools  and  in  the 
ocean  at  various  depths.  They  undergo  no 
metamorphosis,  the  youngest  stage  being  a 
shelled  Nauplius. 

The  suborder  Cladocera  is  represented  by 
fresh  and  salt-water  species.  The  higher 
forms  are  Sida  and  Daphnia.  They  are 
called  water-fleas  from  their  jerky  motions. 
The  eggs  of  Daphnia  are  borne  about  by 
v%  Mi.-Fteneiia  of  the  females  in  so-called  brood-cavities  on 
tiie  •word4Uh,  female.  ^^  ^^^j^  ^^^^^  ^^iQ  shell.     There  are  two 

sorts  of  oggs,  u  e.,  the  ''summer"  eggs,  wh\c\\  are  laid  by 
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adenial  females^  the  males  not  appearing  nntil  the  autnniBt 
when  the  females  lay  the  fertilized  **  winter'^  e^s,  which  an  1 
eurroimded  by  a  very  tough  shel]«    Dohm  observed  the  dt^ 
Telopment  of  the  embryo  in  the  summer  eggg.     At  flrsl  the 
embryo  lia^  but  three  pairs  of  appendages^  representing  Um  I 
antcunar  and  one  pair  of  jaws.     It  is  thus  com  parable  widl  f 
il^e  KaupHus  of  the  Cope^Kxloua  Entotiwdrava,  and  tboa  jbrnj 


Fig.  MIL— Sldt.   «,  egg  lo  brood-MC 

Cladocera  may  be  said  to  pass  through  a  Nauplins  itag«  in 
the  egg. 

Afterwards  more  limbs  grow  out,  until  finally  the  eiiibt]r«» 
is  provided  with  the  full  number  of  adult  limbs,  and  haichat 
in  the  form  of  the  mature  animal,  undergoing  no  faitber 
change  of  form. 

The  membors  of  the  suljorder  Phyllopoda  anj  more  higUj 
deTe1oi>ed  th;tn  any  of  the  Crustacea  metitioned,  Uiotight  lOce 
the  Ostracodes  and  Cladocera^  the  bmly  is  usually  fkartly 
covered  by  a  large  canipare  (the  mandibular  aegmeul grctttly 
devdopo(J)»  whirh  is  ^oniutimuH  \yv\\\  down,  mid  opens  and 
shuts  by  an  adductor  muscle,  m  that  they  rOBeinble  bifilti 
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MoUnsca     Bat  they   are  especially  characterized  by  tlie 

intMd  leaf-like  feet,  snbdiyided  into  lobes,  and  adapted  for 

bieathing  as  well  as 

for  swimming      The 

thorax  merges  insens- 
iblj  into  the  abdomen. 
The  number  of  body- 
8^;ments  varies  great- 
ly, there  being  six- 
teen in  Limnetia,  the 
simplest  form,  and 
sixty -nine  in  Apus, 
or  three  times  the 
number  present  in  the 

lobster,  the  segments      F!?.  fm.—LhnMtis  OouUni,  mnch  enIar8e<l.-After 

thus  being  irrelatively  ^"^•"*- 

repeated,  a  sign  of  inferiority.     There  is  a  pair  of  simple 
eyes  consolidated  into  one  as  in  Limnefis  and  Lwmadia,  or 

as  in  Apus,  there  is  a 
pair  of  compound  eyes, 
situated  in  tlie  cara- 
pace, apparently  on 
one  of  the  antennal 
segments.  In  Bran- 
chipus  and  Arteinia 
the  compound  eyes 
are  stalked,  an  antic- 
ipation of  the  stalked 
eye  of  the  lobster, 
etc.,  but  the  eye,  it 
shoald  be  noticed,  is  not  developed  from  a  separate 
segment,  but  from  one  of  the  two  antennal  segments.  All 
the  members  of  this  order  hatch  in  the  Nauplius  form,  the 
three  pairs  of  appendages  of  the  larva,  representing  the  two 
pairs  of  antennse  and  the  mandibles  of  the  adult.  The  spe- 
cies live  in  pools  of  fresh  water  liable  to  dry  up  in  summer ; 
they  lay  eggs  which  drop  to  the  bottom,  and  show  great  vi- 
tality, withstanding  the  heat  and  dryness  after  the  water 
has  evaporated ;  the  young  hatching  after  the  rains  refill  the 
pools  or  Pitches. 


JPIg.  M4.~Liiiiiiadia  AgsMLdi,  enlaised. 
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This  suborder  presont^  a  beautiful  8C*rie8  of  increasinglf 
complex  forms,  us  we  iieccnd  from  Limneliif  to  Brunrnipms* 
In  L\mnrti»  the  bivalve  h\w\\  eDcloses  rhi*  ani- 
mal^ aiid  is  the  size  uf  a  small  fluttcntNl  |ica. 
There  are  from  ten  to  twelve  feet  -  beftHiif 
Be^ments.  X.  Goufdii  Ilaird  (Fig,  tAZ)  is  rwT 
rare  in  Canada  and  New  England.  Tiie  a1i«1 
of  Lhttuatlia  h  thin,  oval,  and  there  am 
eighteen  to  twenty-eix  feet-bearing  ftegmiOliu 
X,  {Enlimnadia)  AgafUfizii  Packard  (Fi^  3M 
and  245)  inhabits  pools  in  Southern  New  Etk* 
ghind.  The  shell  of  Esiheria  (Fig.  2445.  £$- 
theria  Belfragei  Packard)  is  sometimes  mi*^ 
leu  of  mircAWfi^  taken  for  that  of  the  frctsh*  water  moUoiki 
Ini  "  a,  b?ii.d ;  b,  Vyclm  and  Pisidiurtu  The  males  of  the  fo»- 
«i*d  of  y.  going  genera  have  the  first  pair  of  feet  Okodi* 
tied  to  form  large  claspem  (Fig.  245). 

In  Apus  the  abdomen  i^rojects  beyond  the  largi*  camptoi^ 
and  ends  in  two  long  many-jointed  api>endagea.  l^liera  m 
about  sixty  paii^s  of  feet,  each  foot 
divided  into  seveml  leaf -like  lobea, 
wherein  respiration  is  carried  on. 

These  Phyllopods  usually  swim  upon 
their  backs,  as  in  the  species  of  Bran- 
chipuB,  The  females  chiefly  differ 
from  the  males  in  the  presence  of  an 
orbicular  egg-sac  on  the  eleventh  pair 
of  feety  the  sac  being  a  modification  of 
two  of  the  lobes  of  the  feet,  and  contitining  but  a  few 
Apus  mqualis  Packard  (Fig.  247,  Fig.  249  .4*  repreaeali 
larva  of  a  EuroiM*an  Apua)  inhabits  pools  in  tfae  w««C0ni 
plains.  LepiduruH  tliffera  fmra  Apun  in  having  tJie 
spoon-shaped  instead  of  84|uare.  L,  Couenii  Pkckmrd  (F^ 
248)  occurs  on  the  Rocky  Mountain  plateau  in  Utah  and 
Montana.  It  is  an  iutei-esting  fact  in  zoo-geography  thii 
there  are  no  species  of  Apt4M  and  Lepidurus  east  of  Ifao  Wffl^ 
eru  plains.  Apun  haa  been  found  by  Siebold  to  repnxlaDa 
paithenogenetically. 
The  various  s|jecieaof  Branchipus  r^d  Ari§mia  haTo  no 
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camjiaee,  the  niaiulibular  segment  being  small  and  not  ovcr- 
i«pping  the  segments  behind  it.     The  second  antennso  are. 


Fig.  948.— Z>/>l</tfr»/«  CousaiU 
ride  aud  dorsal  view,  natural 
size. 


Vig.  M7. — Apw  tiggualiJit  natural  size. 

large  and  in  the  male  adapted  for 
clasping.  In  Tliamnocephalus  (Fig. 
250,  T.  hrachyurua  Packard,  from 
Kansas)  there  is  a  singular  shnib- 
like  projection  of  the  front  of  the 
head,  and  the  abdomen  is  spatalato 
or  spoon-shaped  at  the  end.  Bran- 
chinectes  Coloradensis  Pack.  (Fig. 
251)  is  a  Rocky  Mountain  form.     Fig.  249.-d,  Larva<)r.4;>/M«i«. 

rrii        t    .  1     .  A    1        .      -I-  ctt/urmis.  —  AfUT   Zaddach.     ft, 

The  bnne  -  shnmp,  Artemia,  lives  NaupUua  of  Arumia saiina  of eu* 
only   in  brine-vats  or  in  the  salt  '°^*** 
lakes  of  the  West  and  of  Southern  Europe,     Artemia  gra- ' 
cili%  Verrill  (Fig.  252)  has  thus  far  only  been  found  in  tubs 


ne.  VXi,—7%amnoc€phal%t9T>lnty^mt9,  tnftfr,  naiunil  slxe.  vide  ami  frntit  rl^Hr,    a, 
heaa  of  the  femiUe  ;  ^,  end  of  the  body  ol  thv  fetiuie^  stiowiog  tbe  ovimc 

They  may  often  be  seen  awimming  about  in  pairg,  as  in 
Fig.  253.     This  ^ciee  has  a  Nauplius  young  like  tliat  of 


Pig.  ^X.—BmnchiMeim  CWofYMteitfM  PMlt. 

the  brine-shrimp  of  Europe  (Fig,  249  I):  It  ia  a  signifl* 
cant  fact^  bearing  on  the  question  of  tlie  origin  of  8p<M;ie», 
that,  according  to  Schmankiewitsch,  Artemia  may  change  iti 
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form^  the  change  being  induced  by  t)ie  greater  or  less  Baltneaa 
of  the  water.  Artemia  produces  young  by  budding  (purthe- 
nogenesU)  aa  well  us  from  egg^ 
A  special  observed  near  Odessa 
produced  fcnudcs  alone  in  warm 
weather;  and  only  in  water  of  4- 
medium  strength  were  males 
produced.  The  eggs  of  Arln^ 
mia  fifrtilis  have  been  sent  in 
moist  mud  from  Utali  to  Mu- 
nich,  Germany,  and  specimeiMi 
rttised  from  the  eggs  by  Steboldy 
proTing  the  great  vitality  of  the 
eggs  of  those  Phyllo}M>dd,  a  fact 
paralleled  by  the  Bimilar  vitality 
of  the  eggs  of  the  king-crab. 
Fig.  249  b  represents  the  Nau- 
plias  of  the  European  brine- 
shrimp. 

Order  4.  —  Tetradecapoda, — 
To  this  order  belong  the  sow- 
bogs  (hcpoda)  and  the  beach- 

Jk»    (Amphipodo).     In    these  ^^fSi^S^?' a''sm?nt^^^^^^^^^ 
Onwtaoea  there  is  no  cephalo- ^^^t™»«^^^*^7,^^^;'^^^^^^ 
thorax,  but  tiie  head  is  small,  -Aft«f  verriiL' 
bearing  two  imirs  of  antenme,  and  a  pair  of  jawa,  and  three 
pttirsof  maxillae.    The  thorax  is  continuous  with  the  abdo- 
men.     Eespiratiou   is   i>erformed  by  lumellafce  or  leaf-like 
gJLb  on  the  middle  feet  in  the  Amphipods,  or  on  the  hinder 

abdominal  feet  in 
the  Tsopods.  The 
lowetit  Isopods  ure 
parasitic,  they 
'•  gmduiite  into  the 
A 01  phi  pods,  and 
the  higher  Amphipod«  are  connected  with  the  Ehrimi>s  {De* 
capoda)  through  a  group  (probably  a  suborder)  of  synthetic 
forma  {PaUmwaris,  Acanthotelson  and  Oampsojit/Xf  Fig, 
254)  such  as  are  found  in  the  coal  formation  of  Illinois 
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W\^tS9.--ArtmiaaArUiU  from 


Gff«fit    SiLlt    Lake. 


ad»of  Ike  bodf. 
\  s  g£L    la  die  ctmmoii 

— --toffT  €mnti6t  siliMt«d  ha 
/yiit  Mttikir  OAritki  mm 

>rd  miui  a  mulutadeof  brmnchtog  eocs, 
^^rriDg  for  mtrmi  fe^pintioii,  tiim  astiti- 
pftiing  tlse  inebetff  sfslea  i>f  tnfieets. 
The  nenroiis  sjstem  b  *"g. 

SesS,  /<lal<M,  and  Fig.  ^  #.) 

Tb«  dJgt«8tiTe  canal  is  atniigbr.  <N»n^i$tiiig 
CffvsM  of  a  short  o^sophagtis,  a  merohninoaaalt^in* 
i%*Sl  «ch,  tttid  nj«ii«lly  a  ishort  tubular  iotestine; 
thfi  liver  contiiating  of  eevcnvl  ebort  coecai 
IkrvlU   Oaudichauiii  the  atomttch   is  saniawhat  peai^ 
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vhapedy  iridest  behind,  extending  a  little  behind  the  middle 
of  the  body.  The  intestine  is  about  one  half  as  wide  as  the 
stomach. 


Fig.  S66  — DiPMCtion  of  Sero^  to  show  the  nenrons  system.— Dissected  and  drawn 
byJTS.  Kingsley. 

There  is  no  ccBcal  enlargement^  and  no  *' urinary"  tubes. 
The  sexes  are  distinct  The  young  are  hatched  in  the  form 
of  the  adult,  there  being  no  metamorphosis. 

The  development  of  the  pill-bug,  Oniscua  murarius,  is 
probably  typical  of  that  of  most  Tetradecapods  and  Deca- 


Fig.  S67.— Transrerse  section  of  8eroli».  t,  U  tergiim  ;  «,  #.  sf  emnm ;  <m,  eplme- 
ram ;  m,  epistrrnnm,  at  insertion  of  the  legs.— Prepared  and  drawn  by  J.  S.  Kings* 
l«y. 

pods  (Bobretzky).     The  first  cliango  after  fertilization  is  the 
origin  of  the  formative  or  primitive  blastodermic  cells  at  one 


308 


ZOOLOQ  r. 


pole  of  tho  egg.  This  single  cell  subdivides,  lU  prodaeli 
forming  the  '^ blastodermic  disk*'  or  outer  genn-kyer,  the 
sogmentation  of  tlie  yolk  being  partijiL  The 
third  (inFiermost)  and  middle  germ-layers  next 
arise  (the  same  processes  go  on  in  certain 
shrimps,  viz,  :  Cramfon  and  Palmmon)*  The 
intestine  is  formed  by  an  in -pushing  of  the 
outer  gei-ra-layer.  The  limbs  now  bud  out,  the 
result  of  the  pushing  out  of  the  outer  psmt* 
layer  (ectotlerm).  The  nervous  cord  arises  from 
the  ectoderm ;  the  large  intestine  originrntee  in 
the  yolk-sac,  iia  epithelium  first 
appearing  in  the  liver-sac.  The 
heart  is  the  last  to  be  formed.  Ex- 
ternally tho  antennte  m  Oniscus 
and  also  AaeJhis  are  the  first  to  bud 
out ;  the  remaining  appendages  of 
the  head  and  thorax  arise  con  tern- 
]>omneously,  and  subj^equently  the 
abdominal  feet  The  abdomen  in 
the  Isopoda  is  curved  upwanis  and 
backwards^  while  in  tho  embryo  Amphipods  it  is  bent  be- 
neath the  body. 

The  development  of  the  Araphipods  or  beech*fleM  if 
nearly  identtciil  with  that  of  the  I8oj>od8,  The  eggs  of  crr» 
tain  sjK^cies  undergo  total  segmentation^  while  those  of  other 
species  of  the  same  genus  (Gammaiiis)  paitially  gegmti&t^  ae 
in  the  tpiders,  and  in  a  less  degree  the  insects. 

8tunding  next  below  Cymothoa,  which  is  of  the  general 
Isopod  shape,  but  which  lives  panmi tically  on  the  tongne 
and  other  parts  of  fishes,  but  which  from  their  immftitic 
habits  become  slightly  changed  iu  form,  the  females  eiApe- 
cially,  sometimes  t>ecoming  blind,  is  the  Limily  of  which 
B(ypyrns  is  a  representative.  The  females  (Fig*  M%)  are  per- 
asitic  untler  the  carapace  of  various  shrimj^  In  //,  f^ntimmvn* 
elictila  Packard,  the  females  are  many  timet  largerihan 
the  males ;  the  Yentnd  side  of  the  body  b  partly  aborted^ 
having  been  absort>ed  by  its  pressure  against  the  ean^mce 
of  itahoaty  which  is  swollen  over  it ;  it  retains  its  posilioii  hf 


Muiitb-p«ttt  of 
Seroli*.  m^mwt' 
dih|<? ;  »u',  flr*t 
iuazUIa  :  mv*\ 
i^ccoudniAxtllA; 
fw/>.  ini*rJU«ry 
p*lpy*. -Drawn 
hj  J,  > 
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Flff.  Ma— 9«etkm  of  the  embryo  pilLbng.  d,  lnte«tine:  L  epfthellam  form, 
hif  the  wftllf  of  th<^  two  lobes  of  the  llvvr ;  g,  transTcrse  fection  of  the  nervous  cord  : 
A,  wftlU  of  the  body. -After  Bobretzky. 

Ffff.  Ml.— Section  of  more  advanced  embryo  pHLbusr.  A,  heart :  hp,  hypoder- 
mal  Ujrer  or  body-walla  ;  m,  muscular  wall  of  the  inteotine :  «,  epithelial  lining  of  the 
inteatine;  p,  dividing  c«11-waU  between  the  heart  and  intestine ;  /,  two  lobes  of  the 
liver :  g,  ganglion,  the  clear  space  being  filled  with  the  fine  granular  substance  of  the 
ganglioii.— After  Bobretxky. 

Fur.  m— BMnrntf.  A,  ventral.  B^  dorsal  side  of  the  femnle:  C,  lateral  and  A 
dorsal  view  ol  toe  male ;  «>,  head  and  ilrst  thoracic  segment ;  «*,  antcnnn— all  en- 
larged.—Packard,  del. 
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The  series  of  Amphipods  Ix^gins  with  Cynmus  ceti  (Linn.), 
liie  whale-louse,  passes  into  Caprellay  with  its  linear  body 
and  spider-like  legs,  to  Hyperiaj  which  lires  as  a  mess-mate 
of  the  jelly-fish,  Cyaneay  and  culminates  in  the  water-flea 
(Qummarus  ornatua  Edwards)  and  sand-flea  ( OrchesHa  agilis 
Smith),  abundant  and  leaping  in  all  directions  from  under 
dried  sea-weed  at  high-water  mark. 

Fig.  264  represents  Cfammarus  robustus  Smith,  a  fresh- 
later  form  common  in  the  western  territories. 


T\g.9^.^0<Hnmctnttrobu*ius  Smith.    Utah.    Enlarged.— After  Smith. 

Order  5.  Phyllocandck — This  name  is  proposed  for  a 
group  of  Crustacea,  the  forerunner  of  the  Decapoda  and 
hitherto  regarded  as  simply  a  family  {Nebaliada),  in  which 
there  is  an  interesting  combination  of  Copepod,  Phyllopod, 
and  Decapod  characters,  with  others  quite  peculiar  to  them- 
gelves.  The  type  is  an  instance  of  a  generalized  one,  and  is 
very  ancient,  having  been  ushered  in  during  the  earliest  Si- 
lunan  period,  when  there  were  (for  Crustacea)  gigantic  forms 
(Dithyrocaris  was  over  one  foot  in  length)  compared  with 
those  living  at  the  present  day.  The  order  connects  the 
Decapods  with  the  Phyllopods  and  lower  orders.  The  mod- 
em Nebalia  is  small,  about  a  centimetre  (.40-. 50  inch)  in 
length,  with  the  body  compressed,  four  of  the  abdominal 
segments  projecting  beyond  the  carapace,  the  last  abdominal 
Segment  bearing  two  large  spines.  There  is  a  large  rostrum 
overhanging  the  head ;  stalked  eyes,  and  two  pairs  of  anten- 
Bse,  the  second  pair  nearly  as  long  as  the  body  and  many* 
jointed.    Tlie  mandibles  are  succeeded  by  two  pairs  of  max- 
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illcB.  Behind  these  mouth-imrts  are  eight  pairs  of  ahorU  Iwf- 
like  respiratory  feet,  which  do  not  project  beyond  the  edgiMt 
the  carapace.  These  are  succeeded  by  four  pairs  of  hrg^ 
long  swimming  feet,  and  there  are  tw^o  additional  pain  oC 
small  abdominal  feet  There  is  no  metamorphosii*,  de 
ment  being  direct,  the  young  hatching  in  the  form  of 
adult.  Of  the  fossil  forms,  Htfmenoeang  was  regarded  li^ 
Salter  as  the  moro  generalized  type.  The  genera  PeUaemr^ 
and  Disci nocarU  characterize  the  Lower  Silnrian  period ; 
Ceratimaris  the  upper ;  Dictyocaris  the  Upper  Silurian  aad 
Lowest  Devonian  strata  ;  Diihtfrocaris  and  Argus  the  Car- 
boniferous period.  Our  northeastern  and  arctic  «|ieeti»  ii 
Kehalia  bipe^  (Fabricius)^  which  occurs  from  Maine  to  OreeiH 
land. 

Order  C,  Stomapoda,  In  the  small  group  represented  by 
Squilla  the  gills  are  attached  to  the  base  of  the  hinder  al^ 
dominal  feet.     Squilla  lives  in  holes  below  low*water  m&rlu 

Order  7.  Decapoda  {Shrimps,  Lobsiers,  Crabs)* — A  gWK 
erul  knowedge  of  the  Crustacea  representing  this,  tlie  high- 
est order  of  the  class,  may  be  obtained  by  a  stady  of 
the  craw-fish  and  lobster.  All  Decapods  have  twenty  eeg^ 
ments  in  tbe  body,  a  carapace  covering  the  thomx  and  ooti* 
oealing  the  gills,  which  are  highly  sjiecialize*!  and  attached 
to  the  maxillipedes  and  to  tlie  legs  ;  usually  a  pair  of  utalkcd 
eyes,  two  unequal  pairs  of  antennae,  the  hinder  pair  llie 
larger  and  longer  ;  a  pair  of  mandibles,  often  proTided  vitli 
a  ]mlpii8,  two  pairs  of  lobed  maxillae,  three  paiiv  of  tnaxiUi- 
pedes*  while  the  name  of  the  order  is  derired  from  the  fael 
that  there  are  five  pairs  of  well-marked  legs,  or  ten  in  alL 
To  the  abdomen  are  appended  six  pairs  of  swimming  faol. 
called  "swimmerets."  Anothrr  distinctive  ebamctei 
mosti  in  fact  all  the  higher  Decapods,  is  the  short,  or 
or  six-sided  heart. 

The  early  phases  of  emhryological  development  in  llie 
capods  are  much  as  in  the  Tetrodecapods*  Uo«i  Deoa] 
leave  the  egg  in  a  larval  state  called  the  ^^o,  lo  ibi 
shrimps,  Lucifer  and  Penens*  the  young  is  a  NanpUoi,  likt 
a  young  Entomostracan,  having  bat  three  paini  of  feat,  and 
a  single  eye.  The  Zoea  has  no  thoracic  feet,  and  maall^r  al  fltil 
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noabdimiiiial  feet ;  the  compound  ^es  are  large  and  oBnallj 
fonie,  and  the  cazapaoe  is  often  armed  with  a  long  dorsal 
and  frontal  spine.  Fig.  265  represents  the  Zo^  or  larva  of 
the  oommon  shore  oiab  (Cancer  irroratus  Say).    After  ser- 
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crab.    CuKer.    Much  enlarged-^After  Smith. 


era!  monlts,  the  thoracic  legs  appear,  the  mouth -parts 
change  from  swimming  -  legs  to  appendages  fitted  for  pre- 
paring the  food  to  be  swallowed  and  digested.  This  stage 
in  the  short-tailed  Decapods  or  crabs,  is  called  the  Mega- 
lops  stage  (Fig.  266);  certain  immature  crabs  having  been 
mistaken  for  and  described  as  mature  Crustacea,  under  the 
name  Megalops.  After  swimming  about  the  surface  in  the 
Zoia  and  Megalops  conditions,  the  body  becomes  more  bulky, 
more  concentrated  headwards,  and  the  crab  descends  to  the 
bottom  and  hides  under  stones,  etc. 

The  development  of  the  individual  crab  is,  in  a  general 
sense,  an  epitome  of  the  development  of  the  order.  In  the 
lowest  Decapods,  as  in  Ouma  and  Mysis,  the  form  is  some- 
what like  an  advanced  Zoda,  while  the  remarkable  concentra- 
tion of  the  parts  headwards,  seen  in  the  crabs,  is  a  great 
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I,  or  traunfcr 
maniiesied  in  the  C 


tfcii  decided  loelamorpbosU  ^ 
di§li,  lobster,  and  a  lawi^^ 
Ifaecgg  in  the  gcneralJfl 
lioniiof  the  adult,  the  W 
Zoea  stage  being  rap- 
kllj  asscuned  and  dis- 
emzded  dnnng  em- 
bfrjanic  life*  Most 
Cmstacem  bear  their 
tgp  about  with 
tbem  ;  ^  onk  a  few 
eaeesy  as  the  Squiila 
and  the  land-crab  of 
tlie  West  Indies^  are 
the  eggB  htt  by  the 
parent  in  holes  or  oa 
the  sea^shore. 

#\\  U       The  Dt^capoda  are 
y^  f     ^r^;^^     into     the 
^  lopadat    repre* 

sealed     hf    Mysts ; 
l^t  GmmBemj  rcpre^ 
£enu^  by  Oiima  ;  the, 
long-tailed  DccapodSi 

i        r%  aa   Mijjiinii  \4  ifcii  CIA    JinT<**'»f       ^^^  **  *^*^  shrimpa* 

and  lobster,  called 
Macrnra,  and  the  gienatne  short-tailed  Pi^apnda,  or  Bra- 
thyura*  Most  of  the  Etpecies  of  the  crabs  are  cunfined  to 
tropical  seas  and  live  in  shallow  water. 

The  Decapods  appeannl  in  the  Coal  Period,  and  were  rep- 
resented by  somewhat  generalized  fomsa,  such  as  *4fiM ra-, 
L    pttlmmon   (Pig,  2G7)   from   the  coal  measures  of  IlliuotiL 
I    HecentJy  a  genuine  cmb  {Bnuhypygt  carhotih)  has  been 
I    "'  by  Woodward  from  the  carboniferous  formatioa' 
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Lv^iiatacca,  especially  shrimps  and  cnibs,  uro  ^dcusitive  to^ 
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ahocta  did  aoimclfl.  When  alarmed,  lobsters  are  said  to 
cast  off  their  large  claws,  bat  the  latter  are  again  re- 
neired.  It  is  more  probable,  however,  that  the  claws  are 
torn  off  daring  their  contests  with  each  other.  Hensen 
fonnd  that  crabs  and  shrimps  liv- 
iDg  in  water  do  not  notice  sounds 
made  in  the  air.  The  hairs  about 
the  mouth  are  the  organs  of  tac- 
tile sense,  and  have  been  made  by 
Hensen  to  vibrate  to  certain  sounds. 
The  eyes  may  be  greatly  devel- 
oped in  shrimps  living  at  great 
depths ;  thus  Thalasearisy  a  shrimp 
liviqg  near  the  bottom  of  the  At- 
lantic Ocean,  is  remarkable  for  the 
large  size  of  its  eyes.  In  the  spe- 
cies of  Alpheus,  which  live  in  holes 

in  sponges  ete.,  the  eyes  are  small.  ^^  ^,^j,ntHravai^on  ara- 
The  eyes  of  the  blind  WiUemoBsia,  ^jJ-^^JSJ™*  8i«e.-Aftcr  Me«k 
dredged  at  great  depths  by  the 

"Challenger^'  Expedition,  are  rudimentary,  though  in  the 
jonng  the  eyes  are  better  developed.  This  is  the  case  with 
the  young  of  the  blind  craw-fish  Cambarus  pellucidm  (Tell- 
kampf,  Fig,  268)  of  Mammoth  and  other  caves.  The  fact 
that  the. eyes  in  the  young  are  larger  than  in  the  adult  indi- 
cates that  this  species  has  descended  from  other  forms  living 
in  neighboring  streams,  and  well  endowed  with  the  sense 
of  sight  The  eye  (Fig.  269)  of  the  blind  craw-fish  differs 
from  that  of  the  normal  species  in  its  smaller  size,  conical 
form,  the  absence  of  a  cornea  (indicated  by  the  dotted  lines 
in  A)j  the  pigment  cells  being  white  instead  of  black,  and 
by  differences  in  the  form  of  the  brain,  that  of  the  blind 
species  being  fuller  on  the  sides.  Crabs  breathe  by  gills, 
but  the  palm  crab  breathes  by  lungs. 

Subclass  2.  Palmocarida. — This  subclass  is  proposed  for 
the  king-crab  (Limidus),  the  only  survivor  of  a  large  num- 
ber of  fossil  Crustacea,  which  dominated  the  Silurian  seas 
and   became  mostly  extinct  in   the  Carboniferous   i>eriod. 
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It  comprises  the  order  of  Mernstoviafa  represented  at  the 

j     present  day  by  the  king-crab,  and  the  order  TrUobita,  which 

is  wholly  extinct.     The  organisation  of  the  king-crab  is  m 


f\g.  9Qa.--Cbin^anff  ntUue^m^  tlio  blind  cnw-Jluh  of  M«tfunot1i  Ovm.    ITitunl 

wholly  unlike  that  of  other  Cnista4)ea»  when  we  consider 
the  want  of  antennse,  the  fact  that  the  nervous  ayatem 
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^olitf  in  fonn  and  also  ensheathed  by  arteries,  and  the 
colitf  nature  of  the  gills  of  the  abdominal  feet,  as  well  as 
e  highly  deyeloped  system  of  blood-vessels ;  that  we  are 
>lig«d  to  place  them  in  a  subclass  equivalent  to  all  the  other 


0.^4;  Bn^D  aod  «7«  of  a  nomuU  Cunbanit  from  Iowa. 

B,  The  same  or  the  bltnd  cnw-iih  from  MamnioUi  Cave. 

C,  Coniea.->Packard,  del. 

f^rustacea.  It  is  possible  that  future  research  may  prove  that 
the  PakBocarida  should  form  a  distinct  class  of  Arthropods, 
equivalent  on  the  one  hand  to  the  Crustacea  and  on  the 
other  to  the  Inseda^  but  from  the  fact  that  they  breathe  like 
other  Crustacea  by  external  gills,  we  prefer  to  retain  them 
as  a  subdivision  of  the  class  of  Crustacea. 

Order  1.  Merosiamaia. — ^The  only  living  representative  of 
this  order  is  the  king-crab,  belonging  to  the  genus  Limulus^ 
represented  in  American  waters  by  Limulus  Polyphemus 
Linn.,  which  ranges  from  Casco  Bay,  Maine,  to  Florida 
and  the  West  Indies. 

The  body  of  the  king-crab  is  very  large,  sometimes  nearly 
two  feet  in  length  ;  it  consists  of  a  cephalo-thorax  composed 
of  six  segments  and  an  abdomen  with  nine  segments,  the 
ninth  (telson)  forming  a  long  spine.  The  cephalo-thorax  is 
broader  than  long,  in  shape  somewhat  Uke  that  of  AptMy 
with  a  broad  flat  triangular  fold  on  the  under  side.  Above 
are  two  large  lunate  compound  eyes,  near  the  middle  of  the 
head,  but  quite  remote  from  each  other,  and  two  small  com- 
pound eyes  situated  close  together  near  the  front  edge  of  the 
head.    There  are  no  antennse,  and  the  six  pairs  of  append- 
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ages  are  of  uniform  shape  like  legs,  not  like  mandiUIe«  ^ 
maxilla?,  and  are  adapted   for  walkiug  ;    the  feet  iirL?    pro* 
Tided  with  sharp  teeth  on  the  biuial  Joint  for  retaining  \km 
food.     The  mouth  is  situated  between  the  second  pai J* :  Uit 
tirst  pair  of  legs  are  smaller  than  the  others,     AllL-utfin 
two  simple  claws,  except  the  sixth  pair*  which  are  anotii 
with  sevenil  epatnlate  apiieudagea  serving  to  prop  the  croi- 
ture  as  it  burrows  into  the  mud*     The  males  differ  from  tlit 
females  in  the  hand  and  opposiug  thumb  of  the  second  pair 
of  feet     These  cephalo-tliorucic  apjtendage^  are  f(nite  iw  dif- 
ferent from  thoflc  of  otlier  Crustacea  as  those  of  tlie  wiwi 
iind  spiders,  which  have  a  pair  of  mandibles  and  niiuilb, 
the  latter  provided  witli  a  palpus,      Apjiended  to  tbi*  ib- 
domen  are  six  paii^  of  broad   swimming  feet,  all  extHinl  tiie 
first  pair  of  whicli  bear  on  the  under  side  two  fiets  of  iboiit 
one  hundred  ix^spi nit ory  leaves  or  plates,  into  which  the  Mood 
is  sent  from  the  heart,  passing  around  the  outer  edpwi 
returning  around  the  inner  edge.     This  mode  of  n^pirttioo 
18  like  that  of  the  Isopods. 

The  alimentary  canal  cousistfl  of  an  ODsopbagns^  vhioh 
rises  directly  over  the  month,  il  stomat^h  lined  with  n>wi  d 
large  chitinous  tCK.it h,  with  a  large  conical,  stopper-hke  valtt 
projecting  into  tho  posterior  end  of  the  body  ;  the  intestine 
is  stniight,  ending  in  tho  ba«e  of  the  abdominal  gpine*     The 
liver  is  vei7  voluminons,  ramifying  throughout  the  eephalo- 
thonix.     The  nervous  system  is  quite  unlike  that  of  othuf 
Crustacea  ;  the  brain  is  situated  on  the  floi»r  of  the  b<idy  in 
the  ^me  plane  as  the  rest  of  the  system,  and  senfla  a  [nur  of 
nerves  to  tho  compound  eye<«,  a  single  nerve  supplying  tha 
ocelli.*     The  feet  are  all  supjilic  1  with  nerves  fnmi  a  thick 
ring  surrounding  the  tesophagns.     The  nerves  to  the  six 
pairs  of  abdominal  legs  are  sent  off  from  the  v.nrnd  *  <.rd, 

*  The  DorvouB  sy^tfiu  of  Limubitiia  quite  unUkn  tUfttof  ih« 
where  the  brain  is  Bituatf^i  in  the  iipfier  |)«rt  of  the  hrad  mmi 
the  mainie  with  ncrve«»  and  Is  tUuiiU'd  directljr  ovrr  the  inlraisiO* 
pliAjreal  gsiifflion  ;  and,  b<'«idt?ai,  there  la  no  mao|»hag<ta1  Hair  u  ta 
LifhtUiiMu  oftly  iho  two  commlMurea  connecting  the  brmhi  with  thd 
lnfra<i*tioptiafrea1  fn^nglioa  oji  usual  in  the  Ntrofaridm  and  Afochoida  is 
geoerab 
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J70, — Nrn  nni  and  unrt  of  ib^  rlrrtilntorv  system  of  lAmulus  polyphemuM,  the 

le-Crtb.  ,  riervc  to  tliH  Fmallpr  eyt'«;  </,  w?rv8 

|tb«Ur>p'r  liiigus.  All  theneivci  Are  auiToutid- 

,mii  tin  I      .  .    . 


It  our  ironi  the  arteries  bnniehin^  from  the  front  orrd 
tlu?  hriirt  flowing  around  tlu?  upper  icicle  of  the  edge  of  the 

t^phiUo-lhorux  tbrongli  numerous  minute  vesseis.  Also  there 
^a  pair  of  [iranrhinl  nrlerie.<»  arnl  two  arlerie!*  in  the  base  of 

lie  i«inne. 
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The  arrangement  of  the  Tentral  system  of  arterfc«  is 
peculiar  and  quite  characteristic  of  this  animal.     The 
phageal  nervous  ring,  and  in  fact  the  entire  nenrou^  cord, 
ensheathed  in  a  vascular  coat,  m  that  the  nervoas 
and  its  branches  are  bathed  by  arterial  blood.     Tins  t< 
are  better  developed  than  usual ;  thei-e  being  in  tlie  oe; 
thorax  two  large  collective  veins  along  each  side  of  ths 
tc^stine. 

Closely  connected  with  the  two  large  collective  vdm 
two  large  vGllowish  glandular  bodies  each  with  four  b: 
extending  up  into  the  dorsal   side   of  the  cephaio*lliorms« 
They  are  probably  renal  in  their  nature. 

Both  the  ovaries  and  testes  are  voluminous  glands^  OttOk 
opening  by  two  papillse  on  the  under  side  of  iho  firii  dk* 
dominal  feet  At  the  time  of  spawning  the  ovary  i«  gr^^ 
distended,  the  branches  (illeil  with  green  eggs. 

Unlike  most  Crustacea,  the  female  king-cmb  bnriM 
eggs  in  tlie  sand  between  tide-marks,  and  there  leavee 
at  the  mercy  of  the  waves,  until  the  young  hatch.    Tbe 
are  kid  in  the  Northern  States  between  the  end  of  Maj 


Flgi  S7^- /The  Mine,  more  «<tranccd. 

early  in  July,  and  the  young  are  from  a  month  to  mx 
in  hatching. 

After  fertilization  the  yolk  undergoes  total  segnieiitjilUiiit 
much  as  in  spiders  and  the  craw-fish.     When  tlie  prunittft^ 
di&k  is  formed  the  outer  layer  of  blastodermic  oelb  ptdieCJ 
9aou  altsr  the  limbs  begiii  Ui  Bt\»v<ii^x^  w\^  \>a\%  * 


EMBRYOLOGY  OF  THE  KL\G-CHAB.  'Vli 

ihe  serous  membrane  (Fig.  271,  am),  which  is  like  that  of 

inflects. 

Then  the  limbs  bnd  out ;  the  six  pairs  of  cephalic  limbs 
appear  at  once  as  in  Fig.  271.  Soon  after  the  two  basal 
piin  of  abdominal  leaf-like  feet  arise,  the  abdomen  be- 
eomes  separated  from  the  front  r^on  of  the  body,  and 
flie  segment!  are  indicated  as  in  Fig.  272.  A  later  stage 
(Fig.  273)  is  signalised  by  the  more  highly  developed  dorsal 
portion  of  the  embryo,,  an  increase  in  size  of  the  abdomen, 
snd  the  appearance  of  nine  distinct  abdominal  segments.  The 
Kgments  of  the  cephalo-thorax  are  now  rery  clearly  defined, 
IS  also  the  division  between  the  cephalo-thorax  and  abdomen, 
the  latter  being  now  nearly  as  broad  as  the  cephalo-thorax, 
the  sides  of  which  are  not  spread  out  as  in  a  later  stage. 


Flft.  S73.— King-crab  thortly  before  hfttcbing  ;  trllobidc  stage,  enlarged  ;  eide  and 
doraalvlew. 

At  this  stage  the  egg-shell  has  split  asunder  and  dropped 
off,  while  the  serous  membrane,  acting  as  a  vicarious  egg- 
shell, has  increased  in  size  to  an  unusual  extent,  several 
times  exceeding  its  original  dimensions  and  filled  with  sea- 
water,  in  which  the  embryo  revolves. 

At  a  little  later  period  the  embryo  throws  off  an  embry- 
onal skin  (amnion),  the  thin  pellicle  floating  about  in  the 
egg.  Still  later  in  the  life  of  the  embryo  the  claws  are  de- 
veloped, an  additional  rudimentary  gill  appears,  and  the 
abdomen  grows  broader  and  larger,  with  the  segments  more 
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distinct ;  the  heart  also  appears,  \mn%  a  pale  streak 

the  middle  of  tlio  back  extending  from  the  front' 
the  head  to  the  base  of  the  abdomen* 

Jiij^t  before  hatching  (he  head*re^ion  Fpread^  out,  thei 
domen  being  a  little  more  than  h:ilf  a^  wide  a*  the  lephsild*'] 
thorax.     The  two  compound  eyes  and  the  pair  of  ocelli  < 
ihc  front  edge  of  the  heatl  are  qnite  distinct  ;  the  appcuki 
|iiges  to  the  gills  appear  on  the  two  anterior  pairs,  and 
legs  are  longer* 

The  resemblance  to  a  Trilobite  is  most  remarkable^  il] 
seen  in  Fig,  '273.     It  now  also  closely  resembles  thr  fo«Hj 
king-crabs  of  the  Carboniferous  formation  (Fig.  274, /Vli(* 
fvichm  rQinndaiuSf  Fig.  275,  EuproOps  Danm). 


I- 
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,  87*.— Frcstwichlii.  nntural  ttxo.^ 
After  Worlbcu. 
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In  about  six  weeks  from  the  time  the  efcgs  m 
embryo  batches.  It  now  differs  chiefly  from  the 
stage  in  tlie  abdomen  being  much  lai^ger,  searceljr  !«■  h 
B\7,e  than  the  cephalo-thorax  ;  in  the  obliteration  of  the 
ments,  except  \vhen>  they  are  faintly  indicated  on  the  tar- 
diMc  region  of  the  ulHlomen,  while  the  gills  are  mnch  lar^r 
than  before.  The  abdominal  spine  is  very  rudimcntarj  ;  ^ 
forms  the  ninth  abdominal  si^gnrenL 

'l*ho  rt^ader  may  Ui»w  eompie^iKi  m\.\v  imx  IV^tcs  n|  tbe  ns 
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ently  hatched  Lim alas  (Fig.  270),  that  of  Barrande's  larva 
TfinticUHS  ornniv^  (Fig,  277*  natural  ^ize  and  enlarged). 
iHe  will  see  at  a  glance  that  the  young  Trihjbite,  horn  witU- 
roDt  any  true  thoracic  eegmeiits,  and  with  the  head  articu- 
lated with  the  abdomen,  closely  resembles  the  young  Lirnu- 
.kfi.  In  Limuhis  no  new  segments  are  added  aftiT  birdi  ; 
I  in  the  Trilobites  the  numerous  thoracic  segments  are  udd- 
|ed  during  snccefifiive  moultfi.  The  Trilobitea  thua  pass 
^ogh  a  well-markcHl  metamorphosis^  though  by  no  means 
irkable  aa  that  of  the  DecajK>ds  and  the  PhylJo|KMig, 


^y  * 


i 


fig,  fi77.— Larrtof  tTrUo- 


fig.  STC  -Larva  of  ihe  Rin^-cr»H, 


The  young  king-crabs  swim  briskly  up  and  down,  Bklm* 
ming  about  on  their  backs  like  Phyllopods,  by  tlapping  their 
Jills,  not  bending  their  bodies.  In  a  succeeding  nmuU,  which 
Dcurs  between  tliree  and  four  weeks  after  hatching,  tlio 
iomen  becomes  smaller  in  proportion  to  the  head,  and  the 
lominal  spine  is  about  three  times  as  long  »8  broad.  At 
lis  and  also  in  the  second,  or  succeeding  moult,  wliich  oc- 
curs alH>ut  four  weeks  after  the  first  moult,  the  young  king- 
fab  doubles  in  size.  It  is  probable  that  specimens  an  inch 
ng  arc  about  a  year  old,  and  it  must  require  several  years 
r  them  to  attain  a  length  uf  one  foot. 
The  Limidi  of  the  Holcnhofen  slates  (Jurassic)  scarcely 
differed  in  appearance  from  those  of  tlieir  living  desceyd- 
ants. 

Limulus,  Prt^twichia,  Bellinurus,  and  EuproOj}^  form 
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the  representatives  of  the  suborder  Xipkawura* 
suborder  Eurypierida  is  ixspresented  by  extinct  gener 
ffoitis,  Eurypterus  and  allies  which  appeared  iu^ 
Silurian  Period  and  became  extinct  in  the  Coal  i 
these  forms  the  eephalothoriix:  ia  gmaJl,  flattene 
square,  while  the  abdomen  is  long,  with  twelve  or 
sepiients,  the  last  one  forming  a  spoon-shaped 
spine.  The  appendages  of  the  cephalothomx  were  i 
for  walking,  one  pair  Bometimes  large  and  cheln 
hinder  pair  paddle-like.  The  gills  were  arranged 
teeth  in  a  rake,  the  Hat  faces  being  fore  and  aft  W 
king-crab  burrows  in  the  mud  and  live*  on 
Enrypterida  probably  SAvam  near  the  surface^  \ 
predaioiy  than  the  king-crabs.  The  Meri>^iUnnaim  afi 
eralized  type,  with  some  resemblances  to  the  A  rath 
well  as  to  the  genuine  Crustacea,  representing  the 
Zo6a  form  of  the  Dena}iods* 

Order  2.   Trihbita, — The  members  of  this  group] 
extinct     Tlie  body  has  a  thick  dense  integument 
of  Limulus,  and  is  often  variously  ornamentM  wit 
cles  and  spines.      The  body   is   divided   into 
tudlnal  lobes,  the  central  situated  over  the  region 
heart  as  in  Limulus.     The  body  is  more  specialized  | 
the  Merosiomata^  Ix^ing  divided  into  a  true  head 
of  six  segments  bearing  jointed  apiiendihges,  son 
those  of  the  Mero^iomata,  with  from  two  to  tv 
tinct  thoracic  segments  (probably  bearing  short  joint 
not  extending  beyond  the  edge  of  the  Wdy,  which 
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lobes>.    The  abdamitti  < 
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CLAB8.  I.  CRUSTACEA. 

Artiknppia  krmiking  fty  (f&U  aiiuttied  on  the  lefft,  or  retpiring  through 

AtMifwmMi.    Bodff  in  ths  higher  farm»  divided  into  two  regione,  a 

.  (itpktie  th^rtu  ami  iMomma.     1\oo  pair*  of  antenna  ;  mandiblee  usu- 

ifljr  with  a  paipiu.    ffemrt  nearly  square,  or  in  the  lower  forme  tubular. 

(J)t$m  a  ditHmei  wutamorphoeie.    Hexee  distinct,  except  in  a  few  cases 

8iMam  1.  Neoearida, — Oennine  Cnutaeea,  with  two  pairs  of  anten- 
Dtt;  biting  moatli  parts  ;  mostly  modem  types. 

Ordsr  1.  CinipedkL — Sessile  often  retrograded  ;  anteDDSD  not  devel- 
oped, llTing  parasltically,  tlie  appendages  of  tbe  bead  some- 
times forminjf  net-like  organa  Yoanff  hatcbed  in  tbe  nau- 
pUns  state.  Suborder  1. — lUiintetphala  (Sacculina,  Pelto- 
gaster).    Snlx>rder  2. — Genuine  Cirripedia  (Balanus,  Lepas.) 

(Mtr  8.  BnUtmostracck. — ^A  oepbalo-tliorax  developed ;  mandibles  and 
three  pairs  of  maxill» ;  five  pairs  of  thoracic  feet,  no  ab- 
domlnid  feet ;  without  any  gills.  Tbe  parasitic  forms  more 
or  less  modified  in  sbape,  with  sucking  mouth-parts ;  all 
the  young  of  the  nauplius  form.  Suborder  1.  Copepoda 
(Cyclops).  Suborder  2.  iSfpA^noatoma  (Lemiea,  Caligus,  and 
Argulus). 

(Msr  8.  Sranchiopoda.  Thorade  feet  leaf-like  ;  one  to  three  pairs  of 
maxille  ;  number  of  body-segments  varying  from  a  few  to 
sixty  ;  cepbalo-thorax  often  well  developed,  and  forming  a 
bivalved  shell.  Toung  usually  a  Nauplius.  Suborder  1. 
Ostraeoda  (Cypris).  Sulmrder  2.  Cladocera  (Dapbnia).  Sub. 
Older  8.  PhpUopoda  (Limnadia,  Apus,  Branchipus,  and  Ar- 
temia.) 

(Msr4.  PAfflocarkia.— Body  compressed;  rostrum  distinct  from  tbe 
carapace ;  thoracic  feet  leaf-like  ;  no  metamorphosis.  (Ne- 
balla.) 

Order  5, — Tetradeeapoda, — No  cepbalo-thorax,  thoracic  segments  dis- 
tinct ;  respiration  often  carried  on  by  tbe  abdominal  feet. 
Suborder  1.  Isopoda  (Idot«a,  Asellus).  Suborder  2.  Ani' 
phipoda  (Qammarus). 

Ord^  6.  Stotnapoda. — ^Abdominal  feet  respiratory.    (Squills.) 

Ofd$r  7.  2>00ap<Nla.—Ce|dia]o- thorax  well  marked,  abdomen  often  bent 
beneath  Uie  cephalo-thorax  ;  breathing  by  gills  sttached  to 
the  maxilllpedas  and  legs.  Heart  often  nearly  square. 
Unudlj  a  waU-marked  metamorphosis ;   young  called  a 
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rxpoBinur  tbe  hemrt,  the  stonuieh,  the  liver,  and  the  large  maeclee  of 
the  abdomen.     The  arterial  ajretem  can  be  injected  wjth  carmine 
throogii  the  heart,  and  the  finer  arteries  traced  into  the  large  claws 
and  legs.    In  the  crab,  the  entire  upper  side  of  the  carapace  may  he 
remoTed  by  the  point  of  a  iLnife.    The  smaller  Crustacea,  especially 
the  water-fleaa,  may  be  examined  alive  under  the  microscope  as  trans- 
parent objects.     In  the  larger  forms  tlie  stomacli  may  be  laid  open  by 
the  scissors  in  order  to  study  its  complicated  structure.    Tlie  eyes  of 
the  lobster  should  be  hardened  in  alcohol  and  fine  sections  made  for 
the  microscope.     This  is  an.operation  requiring  much  care  and  expe- 
rience.   Experts  in  embryology  have  sliced  tlie  eggs  of  certain  Crusta- 
Wk  and  studied  their  embryology  with  great  success. 


Class  XL — Insecta  (Centipedes,  Miten,  Spiders,    Winged 
Insects). 

(General  Characters  of  Insects.— While  in  the  worms 
there  is  no  grouping  of  the  segments  into  regions,  we  have 
seen  that  in  most  Crustacea  there  are  two  assemblages  of 
segments — t.  e.,  a  head-thorax  and  abdomen.  In  the  insects 
there  is  a  step  higher  in  the  scale  of  life,  a  head  is  separated 
from  the  rest  of  the  body,  which  is  divided  into  three 
regions,  the  head,  thorax,  and  hind-body  (abdomen).  More- 
over, the  insects  differ  from  the  Crnstacea  in  breatliing  by 
internal  air-tubes  which  open  through  breathing- holes 
(spiracles)  in  the  sides  of  the  body.  The  six-footed  insects 
also  have  wings,  and  their  presence  is  correlated  with  a 
differentiation  or  subdivision  of  the  two  hinder  segments 
of  the  thorax  into  numerous  pieces. 

The  number  of  body-segments  in  winged  insects  is  seven- 
teen or  eighteen — i.  e.,  four  in  the  head,  three  in  the  thorax, 
and  ten  or  eleven  in  the  hind-body.  In  spiders  and  mites 
there  are  usually  but  twq_s^ments  in  the  head,  four  in  the 
thorax,  and  a  varying  number  (not  more  than  twelve)  in 
the  abdomen  ;  in  Myriopods  the  number  of  segments  varies 
greatly — t.  e.,  from  ten  to  two  hundred.  Tlie  appendages 
of  the  body  are  jointed,  and  perform  four  different  func- 
tions— I.  e.,  the  antennae  are  sensorial  organs,  the  jaws  and 
roaxills  are  for  seizing  and  chewing  or  sucking  food  ;  the 
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^  .  Aese  parts  are  respectiTely  called  terffUe,  pleurite,    and 
iimite,  while  the  upper  region  of  the  body  is  called  the 


wig.  279.— BxtenuU  anttomy  of  CalopUnui  gpretut^  the  head  and  thorax  dl^olnicd. 
iqik  aropataginm ;  /,  forcala :  c,  oereiia.~Drawi&  by  J.  S.  Kingsley. 

iergum,  the  lateral  the  pleurum,  and  the  ventral  or  under 
portion  the  stdmum. 
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Ab  these  parts  are  less  complicated  in  the  abdomeru  ^^ 
rill  Brrt  etudy  this  region  of  the  budvi  Hud  then  examine  tn*^ 

Imore  complex  thorax  and  head*  The  abdomen  ia  a  little 
over  half  as  long  as  the  body,  the  tergnm  ext-endingta'' 
down  on  the  side  and  merging  into  the  plenrura  without 

Lany  suture  or  seam.     The  pleurum  is  indicated  by  then)*' ' 
of  spiracles,  which  will  be  noticed  f  nrtlier  on.     The  sternum 
forma  the  ventral  side  of  the  abdomen^  and  meets  the  pleu- 
rum on  the  side  of  the  body. 

In  the  female  (Fig.  278^  B)^  the  abdomen  tapers  some* 
what  toward  the  end  of  the  body*  to  which  are  appended 
the  two  pairs  of  stout,  hooked  spines,  forming  the  oviposi- 

\  tor  (Fig.  278,  5,  r,  r).  The  anus  is  situated  above  the  upper  1 

[and  larger  pair»  and  the  external  o|>ening  of  the  oviduct,! 

^  which  is  situated  between  the  smaller  and  lower  pair  afl 
spines,  and  is  bounded  on  the  ventral  side  by  a  movable  tri- 
angular acute  flap,  tlie  egg-guide  (Fig.  278,  By  eg,  and  Fig, 
281;, 

The  thorax,  as  seen  in  Fig,  278,  consists  of  three  seg* 
menta,  called  the  prothorax,  mesotliorax,  and  metat borax,  or 
fore,  middle,  and  hind  thoracic  rings.  They  each  bear  a 
pair  of  legs,  and  the  two  hinder  each  a  pair  of  wings.  The 
upper  portion  (tergum)  of  the  middle  and  hind  segments, 
owing  to  the  presence  of  wings  and  the  necessity  of  freedom 
of  movement  to  the  muscles  of  flight,  are  divided  or  differ- 
entiated into  two  pieces,  the  Rcutum  and  scuteUufti^  {^>g- 
278),  the  former  the  larger,  extending  across  the  back,  and 
the  scutellum  a  smaller,  central,  shield-like  piece.  Tfc 
protergum,  or  what  is  usually  in  the  books  called  the  pr 
thorax,  represents  eitlier  the  scutum  or  both  scutum  an 
BcntelUim,  the  two  not  being  diflfcrentiated. 

The  fore  wings  are  long  and  narrow,  and  thicker  tin 
the  hinder,  which  are  broad,  thin,  and  membranous^  ani 
most  active  in  flight,  being  folded  up  like  a  fan  when  at 
rest  and  tucked  away  out  of  sight  under  the  fore  wings, 
which  act  as  wing-covers, 

♦  Tliere  ttr«  in  many  insectH,  as  in  many  Lepidopiera  and  Bymenop- 
iera  and  some  Neuroptrra,  four  tergal  pieces^ — i,  ^.,  pricsciitum,  scutum* 
ftcuteilum,  and  posUcutellum,  the  first  uid  fourtli  pifloes  Mug  i 
r  imaU  and  often  obsolete. 
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ipoeed  of  a  on- 
(F1^  S79  ud  280,  f  ,  vhieh 
pk  eyes  (Fig. 
#1,  aad  mIeiMP  While  there  are  in 
itf  losr  ptimexj  aegneiihi  in  the  heed  ef 
«n  wiagcd  iancti»  corraqioiiding  to  the 
f  oar  pein  of  qipeadagee  in  the  heed,  the 
peaterior  Aiee  aegments,  after  earlj  em* 
biTOiiie  life  in  the  loen^  became  obsolete, 
and  aie  mainlj  repre^nted  bj  their  ap- 
and  by  email  portions  to  which  the 
are  attached.  The  epicranttun 
repreaenta  the  antennal  segment,  and 
mostly  oorreqwnds  to  the  tergnm  of  the  seg- 
ment. The  anteuBfe,  or  feelers,  are  in- 
serted in  front  of  the  eyes,  and  between 
them  is  the  anterior  ocellus,  or  simple  eye, 
while  the  two  posterior  ocelli  are  situated 
above  the  insertion  of  the  iintennf©.  In 
front  of  the  epicranium  is  the  clypeu^  (f*ig* 
280),  a  piece  nearly  twice  as  broad  as  long.  To  the  cly|iens 
is  attmbed  a  loose  flap,  which  covers  the  jaws  when  they 
are  tit  rest.     This  is  the  upper  lip  or  labntm  (Fig.  ^80). 
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There  are  three  pairs  of  mouth-appendages  :  first,  the  tme 
^ws  or  mandibles  (Fig.  278),  which  are  single- jointed,  and 
are  broad,  short,  solid,  with  a  toothed  catting  and  grinding 
edge,  adapted  for  biting.     The  mandibles  are  situated  on 
eich  side  of  the  month-opening.     Behind  the   mandibles 
ire  the  maxillse  (Fig.  278),  which  are  divided  into  three 
lobes,  the  inner  armed  with  teeth  or  spines,  the  middle  lobe 
unarmed  and  spatula-shaped,  while  the  outer  forms  a  five- 
jointed  feeler  called  the  fimocillary palpus.     The  maxillae  are 
accessory  jaws,  and  ])robably  serve  to  hold  and  arrange  the 
food  to  be  ground  by  the  true  jaws.     The  floor  of  the  mouth 
is  formed  by  the  labium  (Figs.  278  and  279),  which  in  real- 
ity is  composed  of  the  two  second  maxillae,  soldered  together 
in  the  middle,  the  two  halves  being  drawn  separately  in  Fig. 
278  :  to  each  half  is  appended  a  three- jointed  palpus. 

Within  the  mouth,  and  situated  upon  the  labium,  is  the 
tongue  {lingua),  which  is  a  large,  membranous,  partly  hol- 
low expansion  of  the  base  of  the  labium  ;  it  is  somewhat 
pyriform,  slightly  keeled  above,  and  covered  with  fine,  stiff 
Iiairs,  which,  when  magnified,  are  seen  to  be  long,  rough, 
chitinons  spines,  with  one  or  two  slight  points  or  tubercles 
on  the  side.  These  stiff  hairs  probably  serve  to  retain  the 
food  in  the  mouth,  and  are,  apparently,  of  the  same  struc- 
ture as  the  teeth  in  the  crop.  The  base  of  the  tongue  is 
narrow,  and  extends  back  to  near  the  pharynx  (or  entrance 
to  the  gullet),  there  being  on  the  fioor  of  the  mouth,  behind 
the  tongue,  two  oblique  slight  ridges,  covered  with  stiff, 
golden  hairs,  like  those  on  the  tongue. 

The  internal  anatomy  may  be  studied  by  removing  the 
dorsal  wall  of  the  body  and  also  by  hardening  the  insect 
several  days  in  alcohol  and  cutting  it  in  two  longitudinally 
by  a  sharp  scalpel. 

The  (esophagus  (Fig.  281,  (b)  is  short  and  curved,  contin- 
uous with  the  roof  of  the  mouth.  There  are  several  longi- 
tudinal irregular  folds  on  the  inner  surface.  It  terminates 
in  the  centre  of  the  head,  directly  under  the  supra-oRSopha- 
geal  ganglion,  the  end  being  indicated  by  several  small  coni- 
c-ul  valves  closing  the  passage,  thus  preventing  the  regurgita- 
tion of  the  food.     The  two  salivary  glands  consist  each  of  a 
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buncli  of  follicles,  emptying  by  u  common  ditct  into  the  fl* 
of  the  mouth. 

The  oeeophagns  is  snceeoclod  by  the  crop  {infflumss). 
dilates  rupidly  in  the  head,  imd  oguin  enlarges  before  | 

ing  out  of  the  head,  and  at  the  iwint  of  first  expansion  of^ 
cuhirgement  there  begins  a  circular  or  oblifiue  faeries  of  folds, 
armed  with  a  single  or  two  alternating  rows  of  simple  spine- 
like  teeth.  Just  after  the  crop  leaves  the  head,  the  rug®  or 
folds  become  longitudinal,  tlie  te<;th  arranged  in  rows^  eadi 
row  formed  of  groups  of  from  three  to  six  teeth,  which 
point  backward  so  as  to  push  the  food  into  the  stomach, 
In  alcoliolic  specimens  the  folds  of  the  crop  and  eBsophagnt 
arc  deep  blood*red,  while  the  muscular  }>ortion  is  flcsh-col* 
orud.  It  is  in  the  crop  that  the  **  molasses  *^  thrown  out  l«y 
the  locust  originates. 

Tho  proventn'evluf  is  very  small  in  the  locust,  easily  over- 
looked in  dissection,  while  in  the  green  grasshoppers  it  is 
large  and  armed  with  sharp  teeth.  A  transverse  section  of 
the  crop  of  the  cricket  shows  that  there  are  six  large  irreg- 
ular teeth  armed  with  splines  and  hairs  (Fig.  282).  It 
forms  a  neck  or  constriction  between  the  crop  and  true 
stomach.  It  may  be  studied  by  laying  the  alimentary  canal 
open  with  a  pair  of  fine  scissors,  and  is  tFien  seen  to  be 
armed  with  six  flat  folds,  suddenly  terminating  posteriorly^ 
where  the  true  stomacli  (chyle-stomachy  ventriculus)  begins. 
The  chyle-stomiich  is  about  one  half  as  thick  tia  the  crop, 
when  tlic  latter  is  distended  with  food,  and  is  of  nearly  tbo 
same  diameter  throughout,  being  much  paler  than  the  reit- 
dish  crop,  and  of  a  flesh-color* 

From  the  imterior  end  arise  six  large  ^asiric  cmea^  which 
are  dilatations  of  the  true  chyle-stomach,  and  probably  serve 
to  present  a  larger  surface  from  which  the  chyle  may  escape 
into  the  body-cavity  and  mix  with  the  bloody  there  being  in 
insects  no  lacteal  vessels  or  Ijnnphatio  system. 

The  etomiith  ends  at  the  posterior  edge  of  the  fourth  ab- 
dominal segment  in  a  slight  constnctiou,  at  which  point 
(pyloric  end)  the  urinary  tubes  (vam  vrinana.  Fig,  'ZSh 
nr)  arise.  These  are  arranged  in  ten  groups  uf  about  fifteen 
tubes,  *o  that  there  iiro  about  one  liundred  and  fifty  long* 
fino  hibcs  in  alb 


HATutg  deicribed    the] 


Fig  tfi^— Tnii«T<>n«  Mctlon  of 
CtO0  or  Gr^'t'**  ri«i^r««i#  of  Bisfupe;  iMie, 
maseakir  w&ll»  ;  r,  bocB/  rMn  Mitwwsn 
tlw  Urge  t««.  ih.  -  Aner  SUaoi. 

process  goes  on  yery  slowl^r* 
has  ended,  the  matters  sabna 
by  the  walls  of  the  crop,  wh 
Uons,  filter  gradually  throngl 
Ins,  directed  by  the. 
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kaline  flnid,  probably  aiding  in  digestion.     In  the  stomach 
(rentricalus)  the  ]K>rtion  of  the  food  which  has  resisted  the 
aetion  of  the  crop  is  submitted  to  the  action  of  a  nentral  or 
•Ikiline  liquid,  neyer  acid,  secreted  by  special  local  glands 
or  by  the  lining  epithelium.     In  the  ileum  and  colon  ac- 
tife  absorption  of  the  liquid  portion  of  the  food  takes  place, 
sad  the  intestine  proper  (ileum  and  colon)  is  thus  the  seat 
of  the  secondary  digestive  phenomena.     The  reaction  of  the 
secretion  is  neutral  or  alkaline.     The  rectum  is  the  ster- 
coral reservoir.     It  may  be  empty  or  full  of  liquids,  but 
noTcr  contains  any  gas.     The  liquid  products  secreted  by 
the  urinary  tubes  are  here  accumulated,  and  in  certain  cir- 
CQinstanccs  here  deposit  the  calculi  or  crystals  of  oxalic, 
oric,  or  phosphatic  acid.     Insects,  says  Plateau,  have  no 
special  vessel  to  carry  off  the  chyle,  such  as  the  lacteals  or 
lymphatics  of  vertebrates  ;  the  products  of  digestion — viz., 
salts  in  solution,  peptones,  sugar  in  solution,  and  emulsion- 
ized  greasy  matters — ^pass  through  the  fine  coatings  of  the 
digestive  canal  by  osmosis,  and  mingle  outside  of  this  canal 
with  the  currents  of  blood  which  pass  along  the  ventral  and 
lateral  parts  of  the  body. 

Into  the  pyloric  end  of  the  stomach  empty  the  urinary 
tubes,  their  secretions  passing  into  the  intestine.  These  are 
organs  exclusively  depuratory  and  urinary,  relieving  the 
body  of  the  waste  products.  The  liquid  which  they  secrete 
contains  urea  (?),  uric  acid,  and  urates  in  abundance,  hip- 
pnric  acid  (?),  chloride  of  sodium,  phosphates,  carbonate  of 
lime,  oxalate  of  lime  in  quantity,  leucine,  and  coloring  mat- 
ters. 

The  nervous  system  of  the  locust,  as  of  other  insects,  con- 
sists of  a  series  of  nerve-centres,  or  so-called  brains  (ganglia), 
which  are  connected  by  two  cords  (commissures),  the  two 
cords  in  certain  parts  of  the  body  in  some  insects  united  into 
one.  There  are  in  the  locust  ten  ganglia,  two  in  the  head, 
three  in  the  thorax,  and  five  in  the  abdomen.  The  first 
ganglion  is  rather  larger  than  the  others,  and  is  called  the 
"  brain."  The  brain  rests  upon  the  oesophagus,  whence  its 
name,  supra-OBsophageal  ganglion.  From  the  brain  arise  the 
large,  short,  optic  ner?e8  (Fig.  281,  not  lettered,  but  repre- 
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^tbeanteniuil  nerves  (Pig,  Wl,  «/)*     ^^^  eimple  brain  of  the 
\  msf  be  compared  with  the  more  complicated  brain  of 

>  He  mfrft-cBsophageal  ganglion  (Fig.  283,  if)^  as  its  name 
>niplie$,  lies  tmder  the  cesophagus  at  the  base  of  the  head,  un- 


zm 


of  Ml  iint*i«i-broln:  uO,  fnfrfi'cc^ophaecial  iranglif>ii ;  Or,  ht%\n\ 
|prdoD9  ;   }r,  .*L'ml  t:Jrculur  kKKtie*  of  the  Mmall-celJed  poriion 


poriio 

jih«  biiAa!  purtlon  of  tbc  bralu,  from  wlitch  lb«  n«rvea  to  ttifl 

^u,  optic  lobes ;  Af>,  anteuDAl  johes  (tbe  bodies  appealing 

d«d  m&44set  of  iho  network  of  rhc  mbacance  of  the  cotd  ;  r,  celln- 

uice  of  tho  brain ;  kc,  twofujd  body  of  the  oofnmliMaro  coruKKtliag: 

lIq  wlih  ibe  Infhk-cMopbigeal  ganglioa.— Afler  Lejdig,  from  Onbsr. 

era  bridge  of  chitine,  and  directly  behind  the  tongue.    It  is 
Dnnected  with  the  8upra-a?8ophageal  ganglion  by  two  com- 
liggnres  passing  up  each  side  of  the  oeeophagna*     From  thd 
■linder  side  of  the  infra-cBsopbagcal    ganglion  arise    three 
p4iirs  of  nenresj  which  are  distributed  to  the  mandibles^ 


prqect  *'" 

of  tiiegBi^gl«m,f^^ 

I  tmmmmmim,  vhile   «he 

■ibsr;  one  si  t^' 

!«•  odien  situated  ea^^Ji 
,  lov  dova.     Each  <7^ 
'  guigiia  b  8iipplie«J 
L  tiiajBilerior  gui^lion. 
•  the  crop  con- 
gmoglia^  and 
ion  a  nerre 
lo  Ihe  end  of  the 
A  pair  of  nerres  pass 
tnm  each  side 
*  afspalliedc  ganglion, 
«  downirard  to  a 
hoAjt  whom  nature 

r«.  2SS  f«i»niti 

«C  ilM  btain  and  ajmpatlietie 
t^mmMk.   The  haut  18 a  loi 
t«ka  IjiBg  in  ti>e  abdomen^  dtlati 
at  six  placta  along  ita  oonrse/  and 
in  a  conical  point  near  the 
mmi  of  tlio  abdomen  ;  it  is  held 
place  hj  fine  mmcnlar  banda* 
AH  iaiiecle  bfeaHie  lij  means  of 
nplieatod  Mpibem  ol  air-tnbee  rami- 
fying Uifonglicmt  tlM»  body,  the  air 
a  row  of  i{itndoi,  or  air-holee^  or  breath- 
m\  in  tbe  aides  of  the  body.     There  are  in 
of  thoracic  and  dght  pairs  of  ahdominal 
first  thoracic  pair  (Pig.  2S6)  is  situated  on 
oonnecting  the  prothorax  and  meeothorax, 
by  the  hinder  edge  of  the  protei^m  (usually 
The  second  spiracle  is  situated  on  the 


nature  ^i 
enlaigi^^ 

id 
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posterior  edge  of  the  mesothorax.    There  are  eight  abdominal 
spiraclesy  the  first  one  situated  jnst  in  front  of  the  aaditory 
aBcortympannm  (see  Fig.  279),  and  the  remaining  seven  are 
small  openings  along  the  side  of  the  abdomen,  as  indicated 
in  Fig.  286.     From  these  'spiracles  air-tabes  pass  in  a  short 
dntance  and  connect  on  each  side  of  the  body  with  the  spi- 
raeular  trachea  (Fig.  flS6,  s,  Fig.  287,  s)  as  we  may  call  it. 
The  air-tubes  consist  of  two  coats,  with  several  short  spiral 
threads  wound  around  the  tube  (Fig.  288).     These  spiracu- 
lar  trachess  begin  at  the  posterior  spiracle,  and  extend  for- 
ward into  the  mesothorax,  there  subdividing  into  several 
branches.     Branches  from,  them  pass  to  the  two  main  ven- 
tral trachcse  (Fig.  286,  t;),  and  to  the  two  main  dorsal  tra- 
chea (Fig.  286,  2>,  Fig.  287>  D).     The  main  tracheal  sys- 
tem in  the  abdomen,  then,  consists  of  six  tubes,  three  on  a 
side,  extending  along  the  abdomen.      The  pair  of  ventral 
tiachesD  extend  along  the  under  side  of  the  digestive  canal ; 
the  dorsal  trachesB  rest  on  the  digestive  canal.     These  six 
tubes  sre  connected  by  auastomosing  tracheae,  and,  with 
their  numerous  subdivisions  and  minute  twigs  and  the  sys- 
tem of  dilated  trachess  or  air-sacs,  an  intricate  network  of 
tracheae  is  formed. 

The  system  of  thoracic  air-tubes  is  quite  independent  of 
the  abdominal  system,  and  not  so  easy  to  make  out.  The 
tubes  arising  from  the  two  thoracic  stigmata  are  not  very 
well  marked  ;  they,  however,  send  two  well-marked  tracheae 
into  the  head  (Fig.  286,  c,  Fig.  287,  c),  which  subdivide  into 
the  ocular  dilated  air-tube  (Fig.  286,  oc,  Fig.  287,  oc)  and  a 
number  of  air-sacs  in  the  front  of  the  head. 

The  series  of  large  abdominal  air-sacs,  of  which  there 
are  five  pairs  (Fig.  287,  3-7),  arise  independently  of  the  main 
trachese  directly  from  branches  originating  from  the  spira- 
cles, as  seen  in  Fig.  286.  They  are  large  and  easily  found 
by  raising  the  integument  of  the  back.  There  is  a  large 
pair  in  the  mesothorax  (Fig.  287,  2)  and  two  enormous  sacs 
in  the  prothorax  (Fig.  287,  1),  sometimes  extending  as  far 
back  as  the  anterior  edge  of  the  mesothorax.  All  these  sacs 
are  superficial,  lying  next  to  the  hypodermis  or  inner  layer 
of  the  integument,  while  the  smaller  ones  are,  in  many  cases. 
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buried  among  the  muscles.  Besides  the  ordinary  air-saes, 
there  is  in  the  end  of  the  abdomen,  behind  the  ovaries^  a 
plexns  of  six  dilated  air-sacs  (Fig.  287,  I,  II,  III),  which 
are  long,  spindle-shaped,  and  are  easily  detected  in  dis- 
secting. 

There  is  a  system  of  dilated  trachesB  and  abont  fifty  air- 
lacs  in  the  head. 

In  the  legs  two  tracheae  pass  down  each  side  of  the  femora, 
sending  off  at  quite  regular  intervals  numerous  much-branch- 
ing, transYerse  twigs ;  there  is  one  large  and  a  very  small 
trachea  in  the  tibia,  and  the  main  one  extends  to  the  ex- 
tremity of  the  last  tarsal  joint. 

By  holding  the  red-legged  locust  in  the  hand,  one  may 
observe  the  mode  of  breathing.     During  this  act  the  por- 
tion of  the  side  of  the  body  between  the  spiracle  and  the 
plenram  (Fig.  278,  A)  contracts  and  expands  ;  the  contrac- 
tion of  this  region  causes  the  spiracles  to  open.     The  gen- 
end  movement  is  caused  by  the  sternal  moving  much  more 
decidedly  than  the  tergal  portion  of  the  abdomen.     When 
the  pleural  portion  of  the  abdomen  is  forced  out,  the  soft 
plenral  membranous  region  under  the  fore  and  hind  wings 
contracts,  as  does  the  tympanum  and  the  membranous  por- 
tions at  the  base  of  the  hind  legs.     When  the  tergum  or 
dorsal  portion  of  the  abdomen  falls  and  the  pleurum  con- 
tracts, the  spiracles  open  ;  their  opening  is  nearly  but  not 
always  exactly  co-ordinated  with  the  contractions  of  the 
pleurum,  but  as  a  rule  they  are.     There  were  sixty-five  con- 
tractions in  a  minute  in  a  locust  which  had  been  held  be- 
tween the  fingers  about  ten  minutes.     It  was  noticed  that 
when  the  abdomen  expanded,  the  air-sacs  in  the  first  ab- 

Fie.  S80.— Showing  diatrlbotion  of  air-tnbes  (tn  cbeic)  and  air-sacs— efde  view  of 
the  Dody.  r.  main  Tentral  trachea  (only  one  of  tin-  two  nhown) ;  «,  left  etigmatal 
trachea,  connecting  by  vertical  branches  with  D,  the  left  main  don>al  trachea;  e,  left 
cephalic  trachea ;  or.ocolar  dilated  trachea.  From  the  finit.  second,  third,  and  fourth 
^ibaclea  arise  the  firat  four  abdominal  airraci*.  which  are  »iiccx>oded  by  the  plexna 
of  three  pairs  of  dilated  tracbee,  I,  II.  Ill,  in  Fij;.  287.  Numerous  air-sacs  and 
tniehe«  are  repreoented  in  the  head  and  thorax.  The  two  thoracic  spiracles  are  rep- 
resented, but  not  lettered. 

Fig.  887.— D.  left  doml  trachea;  8,  left  stigmatal  trachea  :  T.  IT,  ni.  flrot,  second, 
and  third  pairs  of  abdominal  dilated  tracheae,  forming:  a  plcxii'*  behind  the  ovaries: 
1.  pair  of  enormous  thoracic  alr-aacs :  2,  pair  of  smalwr  air-sac^* ;  3-7.  abdominal 
air-«ac« :  or.  ocular  dilated  trachea  sncl  air-fars :  c,  cephalic  trnclioa.  The  relations 
of  tife  heart  to  the  donal  tracbeie  are  iudicutcd.— Drawn  by  Emcrton  from  dlaeec- 
tiona  by  the  author. 
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dominal  ring  contracted.  This  woald  indicate  tiut  ii^ 
air  rushes  into  the  spiracles  during  the  con  traction  i»f  ih» 
abdomen,  and  that  the  air-saca  an)  not  refilled  ontU  tiit 
Fpiraoles  are  closed  ;  thua  the  air  ia  the  air-cacs  i«  perbi|t 
constantly  changing. 

It  is  evident  that  the  enormous  pawen  o( 
flight  possessed  hy  the  locust,  *-  "    jt«  fi^ 

ulty  of  sailing  for  many  hours  iii  .  i«  d« 

to  the  presence  of  these  air-aaca,  which  float  it 
up  in  the  atmospheric  sea.  Other  tnaecti  wiA 
a  powerful  flight,  as  the  hees  and  flic«i«  batevdl* 
developed  air-sacs,  but  they  are  leaa  nomefom 
It  will  t>e  seen  tliat^  once  having  taJceo  fljgUy 
the  locust  can  buoy  itself  up  in  the  air,  oxu 
8tantly  filling  and  refilling  its  iDteniml  booys  or 
balloons  without  any  muscular  oxtrtion*  and 
thus  be  borne  along  by  favorabl<>  winds  to  ill 
destination*  It  is  evident  that  tbe  pjocen  ot 
J^t^f I*  \!f^t"S  respiration  can  l>e  best  carried  an  in  ctoM't  soaaj 
trachn*  f»f  H^  we^ther^  and   that  when  the  sun  Mta,  or  IIm 

drophihttiitf^Hg  1*11  11  .^'» 

or  wEiier  b  n tie,  wcathcr  IS  cloudy  and  damp,  its  powers  of  flifmt 

««/, cuticutA ;  r,  are  lessened,  owing  to  the  diminished  poweroC 

-A?tCT  Miii'ot!    respiration.     The  finer  structure  of  the  trachaa 

is  seen  in  Fig.  2SB, 

It  is  difficult  to  explain  many  of  the  actions  of  ini 
from  the  fact  that  it  is  hard  for  us  to  appreciate  their 
tal  powers,  instincts,  and  general  intelligence.  That  Uisy 
have  sufficient  intellectual  [towers  to  enable  them  to  maiii* 
tain  their  existence  may  be  regarded  as  an  axiom*  But  in* 
sects  differ  much  in  inteUigenco  and  also  in  the  degrc«  of 
perfection  of  the  organs  of  8ene43«  The  int^^lligencse  of  im* 
sects  depends,  of  course,  largely  on  th«  daireloptmsnt  of  Ite 
organs  of  special  sense. 

The  sense  of  sight  must  be  well  developed  in  tho 
there  being  two  large,  welUdevelopod  compoond  oycs^ 
three  simple  ones  (oeelli),  situated  between  the  former, 
plied  with  nerves  of  special  sense. 

Fig.  '^80  represents  the  eye  of  a  moth  greatly  enlarged  la 
show  the  finer  structure* 
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The  antennsB  are,  in  the  locust,  organs  of  smell.  The 
paJpi  are  not  only  organs  of  touch,  but  probably,  as  in  some 
other  insects,  are  endowed  with  the  sense  of  ta^te^  enabling 
the  Joctist  to  discriminate  between  the  diflEereut  kinds  of 
food,  and  select  that  best  adapted  to  suit  its  wants.  It  is 
poBsibie  that  the  labial  nerres  send  branches  of  special  sense 
to  the  tongue* 


^ 


fitc.  iSO.-LongltndlnftI  Mctkm  of  the  flMCtted  cyc^orKSphim  :  the  By«-eA|)«iil»  or 
'rra  facetted  exlemally  (jTj,  and  i^ieve-Uke  wtihin,  Mbows  the  rod-like  enrltnt;  of  tha 
^ic  n^rve-lltyre*  ;  k,  laytT  of  the  cryBtallino  lens ;  i^  Iria.llke-pi^mont  seanc  ;  eh, 
kroid  coedlkmmkI  of  pi^ni*.'iit  cells  :  tn,  optic  Derv<? ;  tr,  trwch&x  Joat  in  line  bmidlct 
fibrill«.— Ah«r  Leydi^.  from  Onib«r. 

^-  The  ears  are  well  developed  in  the  locust,  and  we  know 
^■bat  the  sense  of  hearing  must  be  delicate,  not  only  from  the 
^PK:;t  that  a  loud  alarum  with  kettles  and  pans  affects  them, 
Hbut  the  movements  of  persons  walking  through  the  grass 
invariably  disturb  them.  Besides  this,  they  produce  a  fid- 
dling or  stridulating  sound  by  rubbing  their  hind  legs 
ag^nst  their  folded  wing-covers,  and  this  noise  is  a  sexual 
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aoand^  heard  and  appreciated  by  individuaU  o{  the  other 
sex.    Any  insect  which  producer  a  sound  musb  be  Buppoeed  to 

have  ears  to  hear  the  doand  pro- 
duced by  others  of  it^  species. 
In  the  autenn^e,  palpi,  and 
abdominal  appendages  of  dif- 
fei'ent  insects  are  seated  mi- 
nute sense  organs  of  unknown 
functions,  though  probably 
either  of  smell  or  taste  (Fig. 
290). 

The  ears  (or  auditory  sacs)  of  the  loonst  are  situated,  oue 
on  each  side,  on  the  basal  joint  of  the  abdomen,  just  be- 


FliT'  SAO.— v4,  ft,  pensfr-org&n  oo  tbe  ab 

c.  sentoe-urzuu  on  the  tcrmidal  jojiit  61 
ptitpuA  of  jPma.— Aiitlior  c/«/. 


PifT     901    — V.'tf   »-»f    n   hiH^'ltof     i  n.itnr,^Ai.yj»     ^^^.^>1J^\    *.i^^i>    t^nm  fKj,   inn-T  mU^^>  ^    ' 


hind  tbe  first  abdomiunl  f^piracle  (Pig,  279)*  The  ap- 
|iaratu8  consists  of  a  tense  membrane,  the  itimpanum^  sur- 
HHinded  by  a  horny  ring  (Fig,  201),     **  On  the  internal  »ur- 


Wig,  108.— A  C»nbai  bertl«  In  th«  set  of  walking  or  mnn!ng.    Thre<?  kffs  (!»,  /?«. 
^  are  directed  fon^ird,  while  the  other*  {RK  Z',  iP"),  ivbich  aro  tUf cored  back- 
I  toward  the  tuJU  have  vcded  theU'  activity,    a  d,  c  tl,  and  *J  aru  ciir'v  trs  de^cribe^l 
the  end  of  The  tibiae  and  panelng  back  to  the  eniJ  of  the  body;  A  A,  d  i.  imil/  a  Ht« 
eanra  dfeacnbed  bj  the  ■■me  Jegt  diiilDg  Ibvir  paasive  change  uf  position. ^After 
Qimber. 


which  arises  from  the  third  thoracic  ganglion,  forms  a  gan- 
■l^ion  (^«)  upon  the  tympanum »  and  terminates  in  the  irn- 
^Kediate  Qeighborhood  of  the  labyrinth  by  a  collection  of 


FLUniT  OF  1N.<K("1S. 
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and  anal  veins.  So  that  the  wings  of  insects  act  as  lungs 
as  well  as  organs  of  flight.  For  the  latter  purpose,  the 
pnncipal  veins  are  situated  near  the  front  edge  of  the  wing. 


Pl^  SM.— Diaxram  of  the  knee-joint x>r  a  vertebrate  M>  and  an  insectV  limb  {n\. 
•.upper,  d,  lower  shank;  united  at  >1  by  a  caprnbir  Joint,  at  £  by  a  foldiiis;  Joim  : 
<  extHMor  or  lifiing  mnacle  ;  d*,  fl«*XT  or  lowering  muscle  of  the  l«>H-er  Ju  iit. 
Tte  dotted  line  indicates  in  ^  the  ooniour  of  the  leg.  —After  Gkaber. 

called  the  costa,  and  thus  the  wing  is  strengthened  when  the 
most  strain  comes  during  the  beating  of  the  air  in  flight. 

The  wing  of  an  insect  in  making  the  strokes  during  flight 
describes  a  figure  8  in  the  air.     A  fly's  wing 
makes  330  revolutions  in  a  second,  executing 
therefore  660  simple  oscillations. 

The  sexes  are  always  distinct  in  insects,  the 
only  known  exception  being  certain  very  low 
aquatic  Arachnida  called  Tardigrada,  in  which 
both  sexual  glands  occur  in  the  same  indi- 
Tidual.  The  testes  of  the  common  red- 
legged  locust  form  a  single  mass  of  tubular 
glands,  resting  in  the  upper  side  of  the  third, 
fourth,  and  fifth  segments  of  the  hind  body. 
Figs.  296  and  297  represent  this  structure  in 
other  insects.  The  ovaries  consist  of  two  sets 
of  about  twenty  long  tubes,  within  which  the 
eggs  may  be  found  in  various  stages  of  de- 
velopment. The  eggs  pass  into  two  main  Y\a.  sw.-Foot- 
tubes  which  unite  to  form  the  single  oviduct  «Tor«/''riSSto! 
which  lies  on  the  floor  of  the  abdomen.  SoIIber*!"'*"^'' 
Above  the  opening  of  the  oviduct  is  the  sebific 
gland  and  its  duct.  This  gland  secretes  a  copious  supply  of 
a  sticky  fluid,  which  is,  as  in  many  other  insects,  poured 
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out  as  the  egga  pass  out  of  th©  ovi^lnnt.  thug  suirouiidiiig 
them  with  a  tough  coat. 

The  external  parts  consist  of  the  ovipositor  ^^Fig,  278,  i, 
and  Fig*  281),  which  is  formed  of  two  pairs  of  spines  (r/wii- 
diies)  adapted  for  boring  into  the  e^rth ;  and  of  the  egg- 
guide  (Figs.  278  and  281,  eg),  a  triangular  flap  guarding  ik 
tinder  side  of  the  opening  of  the  oviduct. 


iu 


Fig.  SM.— Male  Msinftl  Appftratiii<<  of  a  t)iirk-b««tlLV 
a/,  vai  deferoQi ;  ho,  i««ti(* ;  ht^  oeminiii  veaietis ;  ag^ 
ductuii  ujaculntorlus.— After  Oraber. 


Fig.  387  —r,  teadij  t,  m 
dirf*  renn  ;   g,   wmlual  WPiX^t 

Gegcnbaur. 


There  is  a  remarkable  uniformity  in  tlie  mode  of  develop- 
tnent  of  the  winged  insects.  In  general,  after  fertilization 
of  the  eggt  a  Jew  cells  appear  at  one  end  of  the  egg  j  tli6« 
multiply,  forming  a  single  layer  around  the  (}gg,  this  layer 
constituting  the  blastoderm.  This  layer  thickens  on  one 
Bide  of  the  ogg,  forming  a  whitish  patch  called  tho/rnmt/iiv 
streak  or  hand.  The  blastoderm  molta^ 
sloughing  off  an  otiter  layer  of  ctrfli, 
a  ul^w  layer  forming  beneath  ;  the  akin 
thus  thrown  off  is  called  the  serous 
membrane ;  the  second  germ-laytr 
(ectoderm)  then  arises,  and  a  second 
Fi^.m-^-cH^nnrBphinit  membmno  (called  amnion,  but  not 
i^f'nS'yoik!  ^;:'I?maf  m^*?  homologous  with  that  of  vertebrot€9) 
m^iLow'^iir.fe^'**"^*''  I^^'^  ^^  ^^^^  ^^^^  primitive  band  just 
as  the  appendages  are  budding  out,  so 
that  the  body  and  appendages  of  the  embryo  insect  are  en- 
cased in  the  amnion  as  the  hand  and  fingers  are  encased  by 
a  glore.     As  seen  in  the  accompanying  Figs.  298-30a,  tho 
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sphinx 


>.— Kmhrro 
•  advanced.  A,  heart 
.  i.  iatcfttloe ;  m, 
atary  mntcalar  banib  ran- 
BhH  to  the  heart ;  9^  stifma  and 
Wgtnnlng  of  a  trachea  (/) ;  tf,a 
IIbmL  Thia  aud  Figa.  UM-8W 
iftcr  Kowalaraky. 


ftj>]x?n(lagos  bud  out  from  the  under  side  of  the  i)rimitiv(' 
band,  and  antennse,  jaws,  legs,  ovipc>sitor  (or  sting),  and  the 
abdominal  feet  of  caterpillars  are  at 
first  all  alike.  Soon  the  appendages 
begin  to  assmne  the  form  seen  in 
the  larva,  and  just  before  the  insect 
hatches  the  last  steps  in  the  elabora- 
tion of  the  larval  form  are  taken. 

As  to  the  development  of  the  in- 
ternal organs,  the  ner- 
vous system  first  origi- 
nates ;  the  alimentary 
canal  is  next  formed ; 
and  at  about  this  time 
the  stigmata  and  air- 
tubes  arise  as  invagina- 
tions of  the  outer  germ- 
layer.  The  development 
of  the  Balivary  glands  precedes  that  of  the  uri- 
nary tabes,  which,  with  the  genital  glands,  are 
originally  offshoots  of  the  primitive  digestive 
tract.     Finally  the  heart  is  formed. 

When  the  insect  hatches,  it  either  cuts  its  way 
through  the  egg-shell  by  a  temporary  egg-cut- 
ter, as  in  the  fiea,  or  the  expansion  of  tlio 
head  and  thorax  and  the  convulsive  movements 
of  the  body,  as  in  tlie  grasshopper,  burst  the 
shell  asunder.  The  serous  membrane  is  left  in 
the  shell,  but  in  the  case  of  grasshoppers  the 
lanra  on  hatching  is  still  enveloped  in  the  am- 
nion.    This  is  soon  cast  as  a  thin  pellicle. 

The  principal  change  from  tlie  larval  to  the  nio;-.  c,  upper 
adult  locust  or  grasshopper  is  the  acquisition  of  n£i  ^<nmn- 
wings.  In  such  insects,  then,  as  the  Orthoptera  Vix'!^^  3 
and  Hemiptera,  in  which  the  adults  differ  from  j;^^;'"f  'J?'^]; 
the  newly  hatched  larva  mainly  in  the  posses-  h^i. ;  J/, aiwio- 
sion  of  wings,  metamorphosis  is  Ftiid  to  he  in- 
complete.  In  the  beetle,  butterfly,  or  bee,  the  metamorphosis 
is  complete  ;  the  caterpillar,  for  example,  is  a  biting  insect. 


Fig.  800.- 
P  r  1  in  i  1 1  V  0 
band  or  tjerm 
of  a  Sphinx 
moth,  with  tho 
fegiiuMitH  in- 
dicufed.  and 
thrir  riidiiniin- 
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is  voracious,  and  leads  a  diiferent  life  from  the  quiedcent^ 
sleeping  pupa  or  chryaalis^  which  takes  no  food  ;  an 
other  hand,  the  imago  or  butterfly  has  mandibles,  whid 
are  rudimentary,  and  incapable  of  biting,  while  the  maxilli 
or  **  tongue/' which  were  rudimentary  in  the  caterpillfl 
become  now  greatly  developed  ;    and  the  butterfly 


9<U 


Kg.  SOl.^Embrjro  of  « 
W«fcer-beetl«  {HfdrophUii*\  jT, 
egg ;  K,  head  ;  of,  npper  Up:  m, 
moath  ;  ax,  aatt'nne  ;  it,,  man « 
ttlble<i ;  1,,  i*,  majcUlie ;  Ji^ 
Tbor&x  ;  £»,,  ^t,  d«,  legit ;  Ai-Ajo, 
It-n  p«ir«  of  rndlmeriUry  ftlmo- 
mfniLl  l^«,  <if  which  h]I  «xorpc  A| 
dipat)pt«r  before  the  insect 
hntcDM  ;    o,  anus,— AHtr  Kowft- 


liquid  food  and  but  little  of  it,  while  its  surroundings 
mode  of  life  are  entirely  changed  with   its  acquisition 
wings.    Thus  the  butiertly  leads  three  different  lives,  ditfj 
ing  greatly  in  structure,  externally  and  internally,  at  thfl 
three  periods,  and  with  different  environments. 


METAMOnPHOSIS  OF  INHEITS. 

caterpillars    moult   four  or   five   tinieg  :    at   each 

the  outer  layer  of  the  skin    is  cast  off,  the  new 

arising  from  the  hypodermic,  or  inoer  layer  of  the  in- 

i&eiit.     The  skin  opens  on  the  back  behind  the  head^ 

cat-erpillar  drawing  itself    out   of  the  rent.      In  the 

ge  from  the  caterpillar  to  the  chrysalis,  there  are  re- 

teble    transformations   in    the  muscles,    tlie  nervous, 

lti?e,  and  circulatory  system,   inducing  a  change   of 

ertemal  and   internal,  characterizing  the  different 

\  in  the  metamorphosis. 

lie  the  clianges  in  form  are 

iratively  sudden  in  flies  and 

rfiies,  the  steps  that  lead  to 

gradual.     IIow  gradual 

may  be  seen  by  a  study  of 

tamorphosis  of  a  1x^e.     In 

[est  of  the  liumble  or  honey 

Jie  young  may  be  found  in  all 

,  from  the  egg  to  the  puj)a 

colored  and  ready  to  emerge 

it«  celL     It  is  difficult  to 

here  the  chrysalis  stage 

and  the  larva  stage  ends, 

the    metamorphosis  is  more 

ilete — namely,  the  adult  bee 

>re  unlike  the  larva,  than  in 

>ther  insect 

ides  the  normal  mode  of  de- 
ttnent,  certain  insects,  as  the 
r louse  { Aphis) t  the  bark-louse 
^ti«),  ihe  honey-bee,  the  Po- 

wasp^  the  currant  saw-fly  {Nemutm)^  the  gall-flies, 
a  few  others,  protiuce  young  from  unfertilized  ^gg»* 
in  moths,  as  the  silk- worm  moth  {Bombyx  mori)  and 
B,  have  been  known  to  lay  unfertilized  eggs  from  which 
fpillars  have  hatched.  This  anomalous  mode  of  repro- 
Ion  is  called  pariheni^genesu,  and  fundamentally  is  only 
idiflcation  of  the  mode  of  producing  young  by  budding 
h  is  uniTersal  in  plants,  and  is  not  unusual^  m  we  have 


Fig*  S(W,— Kuihryo  of  th<?  Louse, 

<u,  anienrne  ;  tk  fgrvheod.— After 
Mcliiikow. 


^^aooj  ^. 


niii£ 


life 
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FMRIPATU8.  865 

Inngingy  at  least  the  May-fly,  to  existing  families,  appeared 
m  the  Deronian  jioriod,  it  is  reasonable  to  suppose  that  in- 
sects must  have  inhabited  the  dry  land  of  the  Silurian 
period. 

Insects  are  divided  into  four  sub-diyisions  or  sub-classes — 
tli.,  the  JUalacopoda,  the  Myriopoda,  the  Arachnida,  and 
ihe  six-footed,  winged  insects,  or  Hexapoda.  All  agree  in 
ktnihing  by  air- tubes,  and  in  having  in  most  cases  a  tri- 
ngional  arrangement  of  the  segments  of  the  body.  By  some 
nthors  the  three  higher  groups  are  regarded  as  independent 
daasesy  but  they  are  all  modifications  of  a  general  insect 
fonn,  with  similar  mouth-parts,  a  single  pair  of  antennse, 
when  these  organs  are  present,  with  no  palpus  to  tlie  man- 
dibles, and  with  other  characters  which  render  the  class 
Inmeia  equivalent  to  the  class  Crustacea, 

Bub-elaM  1.  Halaoopoda.— This  group  is  represented  by 
a  single  animal,  the  strange  Feripatus  of  tropical  coun- 
ftrieiy  in  which  the  body  is  cylindrical,  the  integument,  an- 
tenna, and  limbs  soft,  not  chitinized,  with  the  head  not 
separate  from  the  body,  and  bearing  a  pair  of  many-jointed 
extensible  antennae,  with  two  pairs  of  rudimentary  jaws 
(mandibles  and  maxillae),  and  from  fourteen  to  thirty-tiircc 
pairs  of  feet  (according  to  the  species).  This  animal  differs 
from  other  Arthropods  in  the  two  widely  Hopunited  miimtely 
ganglionated  nervous  cords  sent  backward  from  tlie  bruin  ; 
also  in  the  minute,  numerous  tracheal  twigs  arising  from 
numerous  minute  oval  openings  (rudimentary  spiracles) 
situated  irregularly  along  the  median  line  of  the  ventral 
sarface  of  the  body.  The  feet  are  soft,  fleshy,  and  end  in 
two  claws.  Peripatus  is  viviparous.  According  to  the 
description  and  figures  of  Mr.  Moseley,  the  young  develop 
much  as  in  the  chilopodous  Myriopods  {Geophilns),  show- 
ing that  Peripatus  is  nearer  to  the  Myriopods  than  any 
other  group.  That  it  is  a  tracheate  animal  was  also  proved 
by  Mr.  Moseley  ;  but  owing  to  the  nature  of  the  nervous 
system  and  the  minute  tracheae  and  their  numerous  irregular 
spiracular  openings,  with  no  chitinouscdge,  this  form  cannot 
be  placed  among  the  Myriopods.  On  the  other  hand,  it  has 
some  features  recalling  the  Linffuatulina  and  Tardiffrada^ 
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as  seen  in  the  soft  clawed  feet  and  short  wrinkled 
It  is  certainly  not  a  worm,  but,  on  the  whole, 
worms  with  the  sucking  Myriopode,  and  suggeata 
insects  may  have  descended  from  forms  somewhat 
patuii.     Peripatus  iuliformis  inhabits  the  West 
either  P.  Edwardsii  Blanchard,  or  an  nndescri 
about  four  centimetres  in  length  (with  twent 
of    legs),  inhabits   the   Isthmus  of    Piinama. 
Malacopf}da  was  proposed  by  De  Blainville,  who 
that  PeripatuH  connected  the  Myriopods  with  the^ 
There  is  but  a  single  genu8«  Peripatus. 

Sub-daas  2.  MyrioixKia. — The  centipedes  and  li 
are  distinguished  by  their  cylindrical  body,  the  a 
segments  !>eing  numerous  and  similar  to  the  thoi 
ments,  all  ])rovided  with  a  pair  of  feet.  The  hea 
with  a  pair  of  antenna,  mandibles,  and  ufiually  iw4 
maxillffi.  The  internal  organization  is  simple^  lib 
tiie  lttrv»  of  insects.  Some  Scaiopendrm  are 
viviparous. 

Order  1.  C^ihgnatha. — To  this  gi*oup  belong  tl 
pedes,  Julu».  etc.  (Figs.  304-307).  Tlje  first  maa 
absent.  The  segments  are  round  or  flattened,  and 
are  inserted  near  together,  the  sternum  being  undi 
In  some  forms  (Fig.  3(i4,  Sjnroslrephon  Cojm  Pa< 
Mammoth  Cave)  the  body  is  hairy.  They  are  all  1 
The  eggs  ai-e  laid  in  large  numbers  an  inch  or  twa^ 
the  surface  of  the  earth*  They  undergo  total 
and  in  a  few  days  the  larva  (Fig.  305)  hatches.  At 
it  bears  a  resemblance  to  a  Podura^  having  hut  thl 
of  feet,  the  third  pair  attached  to  the  fourth  thou 
monU    After  a  series  of  moults,  new  aegments  and 
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AyATO.\fy  OF   THE   SPIDER, 


;]:)9 


The  type  of  the  sub-class  is  the  spider,  which  is  character- 
ized by  the  pos- 
H      fUk  session  of  two 

or  three  pairs 
of  spinnerets, 
which  are 
jointed  ap- 
pendages ho- 
mologous with 
the  legs.  Be- 
sides tracheae, 
spiders  have  a 
so-called  Inng 
(Fig.  311,  L), 


vptder,  dfftfrnunmfttic  longftndlnAl 
OH,  ilmple  eyes  and  ncnres  leading 
(sa^im-oBPuphagnJ   gangtlon.  o€f) ; 


f|^  Ml.— Anatomy  of  a 
ngnoB  Ihrwgii  tht  bod  v< 
to  Ikm  from  tbo  brain  (  -^     „  -    .^^ . 

T?C^&^rS,'^'t!liJii^r&l^i  composed  of 

or  abdomen;  JM.  heart  or  domal  veaMl ;  X,  lonf;  In  front  of   geyeral    leaves, 
tta  cfi-ning  of  the  ovMnct  0 ;  tbe  apinning-glandP  <M»  eon-    .    ,         i  •   i     11 
sect  vitta  tbe  fpinnereta.  tp  W.    The digettive tract !■  ^hiMled,    m tO  WhlC h  the 
■Bd  ia  tbe  abdomen  enTelqped  In  the  liver.— After  Graber.        ^  1  a      n    ^ 

D  1  O  O  U     flows, 

and  is  thus  aerated.    In  Lycosa  tbe  blood  flows  througli  the 

heart  from  the  head  backward.     There  is  a  great  range  of 

stmctnre,  from  the  lowest 

mites  to  the  spiders,  certain 

mites  having  no  heart,  no 

trachesB,  very  rudimentary 

mouth-parts,  and  no  brain, 

there   being  but  a  single 

ganglion  in  the  abdomen. 

Order  1.  Acarina. — The 
mites  are  the  simplest 
Arachnida,  the  body  being 
oTal  in  form,  the  head 
usually  small,  more  or  less 
merg^  with  the  thorax, 
while  the  latter  is  not  dif- 
ferentiated from  the  abdo- 
men. There  is  a  slight 
metamorphosis,  the  mite 
when  first  hatched  having 
but  three  pairs  of  legs,  the  fourth  (and  last)  pair  being  added 


FifiT.  9[i.—Ixode»  aOdnictus  from  a  partly 
domoAticated  moose.  The  tick  nataral  vize, 
gorged  with  blood,  and  it?  eix-lcnirfd  yoang. 
mnch  enlarged,  a,  beak  or  mandibles  armed 
with  teeth  \  b,  maxilla,  and  c,  maxillary  pal- 
pus ;  <f ,  a  foot  with  encker  and  clawe,  en- 


3€0 


zcoLoor. 


ftfter  a  moult.     A  tTi)icfl1  mite,  though  abote  the  ti 
size  of  the  members  of  the  group,  is  the  tick  (Fig. 
Ixmles  albipietus  Pack    Closely  allied  to  this  is  Ji!odm\ 
Riley,  the  cattle* tick  (Fig.  313),  which  barie«  its 


F\g,  nte.~Amtno^ofpym>Qmadm.    «,  •       ^-     - 

MoDMich  with  c«ca  (A,  b,  b,  o)  eiiendiiyr        ^^%*    wn.—F 
bltotb«k^-FromG^SeDhwc.  19«tiiril  •lc«.*J 

the  akin,  anchoriug  ita^^lf  firmly  by  meaiia  of  tb«  bocki 
pointing  teetli  of  it8  jaW8.    Other  exAmjile^  of  milet  9X%  ihH 
cheese  and  sugar  mites  (Pig.  314,  Tyro^lfphus  sscdkdn)* 
The  flca-mite^x  P^rnoffonidap  are  marine  tonoM, 


jl 


I  Fte.  tlf.^Sainmt^gm  tnrdlgradum, 
kB  Vmtim^tL  /,  mottth'piirtii ;  ft,  ftllraen* 
\iav,  crtary. --After  Doyere* 


Vig,  818,— Carolina  Korpf  on  {BtilAm 


The  lowest  mites  comprise  rem^irkable  worm-like  Amrinaf 

t?called  Linguatulimu  The  young  are  mite-like,  the  body 
tpherical,  with  boring  jaws,  and  two 
pairs  of  short-rlawed  feet  Penias- 
toma  (Fig.  310)  occurs  in  the  lungs 
and  liver  of  man,  and  in  horses  and 
sheep. 

The  Tardifff-ada  or  bear  animal- 
cules (Fig.  317)  are  a  step  higher 
in  the  scale  of  mite  life.  In  these 
singular  beings  the  sexual  glauda 
exist  in  the  same  rndividuaL 

Macrobiolus  Amerimuns  Pn-ckard 
is  common  in  sphagnum   swamps.      wi^.^n.-^chdifercatKrviOm^ 
Like  the  Rotatoria,  these  low  mites  ^^pjus^' 
are  capable  of  revivifying  after  being  apparently  dead  and 
dried  u/x 


Offimt  %  iViJpalipKi— Tlw  fn^ap  embraaes  the  K:orpion 
(1%,  SHi^  tte  filtt  flcorpMs  (Fig.  Sll^),  the  whip  ^r- 

{Fhimtmrny    In  all  these 

ly  the  aogmentd  not 

\  in  like  Ailfig  or  6|iidec8.    Uffually  the  maxilkrj 

in  ckws.     The  scorpion 

hroa^t  forth  aliTc,     The 

\  ^iag  te  the  back  of  die  mother*    The  Btlng 

in  the  tail,  which  is  perlunLted, 

;  fli  tibe  halb—  entix^gesieiit  nn  aeti?e  poison* 

piiiiy  and  swelling  in  the  arm, 

i  it  addoin  IstaL 

\  (€ht^f€r^  V\g.  ZV9)  often  occur  in 

itf  tm^aBduidaritoooi.  Thow^p- 

t  la  ««»  «Matn«-  Tyinkmm  fifom- 

\  m  Kfw  Mcxioo  and  3Cexicow    Ita  abdomen 

;  Iwh  fflrf  apfW^iihigCL     Ite  bite  is  {loi^nooa 

daddjj  laag  l|p»  ar^  eommon  in  dark 

Xhif  load  on  ]dant-lioe.    Our  eommaD 

Sat. 

u — IW  spiders  are  alwajs  lecogniia- 

L  bf  mdender  podioel 

TIhj  bi«Biiw»  Ilka  the  aoofpionsy  both 

taaipdl aa If  taAmt^  and  Ilia  jooag refiemblt  tba 

\  aCftcK* 

la  aomn  peonliarities  not 

[  te  Ik*  IflUhv  JMiilH     Tkt  «0  madngoeB  total  a%- 

_  nawbat  wotai*Iikat  aa  in  Fig. 

1  in  C  iha  frautiYv  band  fonna,  with  hand  and 

%«i  tad  «Meli  idika.    Afiwward  (Fi^.  m\  Oio  head  ao* 

,  and  tba  a|ipandi«Qa  begin  jobnd 
.  mx  pmiaataUiBinnl  Iudban|ipeani^  and  than 
aacwfi  ^  lhi«a  ftm  of  fptanerets,  as  i 

at^iinallT  ffoaa  aome  Mjrriopod*lii 
\  Mt  fwtkat^  and  and  in  boUow  poinl 
Iha  two  noiaoo^ 
wmaHA  in  iW  fcawL     The  mala  ^idar  is 
Mk  Ilia  fteanala ;  tba  latlar  bjr  Uielr  i 
TW  tnmnlnln  {Lftmmi  mmaMx  1jvi» 
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kolas  in  the  groandy  and  sometimes  conceals  the  opening  by 
ooTering  it  with  a  few  dead  leaves.  Onr  largest  spider  is 
Sefhila  plumipes  of  the  Sonthem  States.  The  common 
girden  spider  is  JEpeira  vulgaris  Hentz.    It  lives  about 


Rj.  ao.— Development  of  the  Spider.—^,  worm-like  sUge ;  B,  primitive  band  ; 
C  the  Bune  more  advanced,  witb  rudiments  of  Umbs. 

hoases  and  in  gardens  ;  its  geometrical  web  is  very  regular. 

The  large  trap-door  spider  (Mygale)  has  four  lung-sacs  in- 

steid  of  two,  as  in  the  other  spiders,  and  only  two  pairs  of 

spinnerets.    Mygale  Henzii  Qirard  • 

inhabits  the  Western  plains  and 

Utah ;  Mygale  avicularia  Linn,  of 

South  America  is  known  to  seize 
small  birds,  and  suck  their  blood. 
There  are  probably  about  six  or 
eight  hundred  species  of  spiders 
in  North  America;  their  colors 
are  often  brilliant,  and  sometimes, 
from  the  harmony  in  their  colora- 
tion with  that  of  the  flowers  in 
which  they  hide,  or  the  leaves  on 
which  they  may  rest,  elude  the 
grasp  of  insectivorous  birds. 

Sub-olasa  4.  Hoxapoda.-The  •'^'^'^p*^«- 
triregional  division  of  the  body  is  better  marked  in  the 
genuine  winged  insects  than  in  the  Myriopods  and  spiders. 
They  have  compound  as  well  as  simple  eyes ;  two  pairs  of 


Fig.  8S1.  — Embryo  Spider,  ettll 
more  advanced.    Thi«  and  Fig.  890 


'-!  »  ^'i-i. 


^'-^^ieai  «»^^****^  /« 
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The  third  suborder,  Ciniira^  comprises  the  genera  Campodea 
(Fig.  324),  Lepisma^  and  Machilis. 
In  these  Thyaanura  there  is  no 
sprkig,  but  the  tail  ends  in  two  or 
three  bristles ;  and  in  MachiliSy 
the  highest  form,  there  are  com- 
pound   eyes  ;    in    all    there    are 


Fig.  888.— A  Podnrui  {TomoeenU^  and  Its  scales.    Much  enlarged. 

jointed  abdominal  appendages,  which 
stroctnres  are  unique  among  Hexa- 
podous  insects.  Campodea  Ameri- 
cana Packard  is  a  small  white  slender 
form,  with  long,  many-jointed  an- 
tenns,  and  two  long,  slender  jointed 
candal  appendages.  It  lives  under 
stones,  and  C.  Cookei  Packard  lives 
in  Mammoth  Cave. 

Order  2.  Neuropf-ra. — ^This  group 
of  net-veined  insects  is  interesting 
from  the  fact  that  the  existing 
families  are  widely  separate,  owing 
to  the  geological  extinction  of  inter- 
mediate links  found  fossil  in  the 
Devonian  and  Carboniferous  strata. 
The  mouth-parts  are  free,  adapted 
for  biting  ;  the  wings  are  broad,  the 
hinder  pair  sometimes  larger  than  mandibles ;  6, 
the  front  pair,  and  both  pairs  are  finely  net-veined 


fKmfhfm  m  mcomplete*    Msnf  of 

There  mx^  len  eating  fumtlitt, 

m  «l  thMe  Ijinuliea  redemble  or 

thit  saooeeded  them  m  time. 

be  eftsilT  miftaken  for  small 

MmmiU^  the  Psotun  mitnica 

wluiB  aaU  which  mpp€iir»l  in  the 

Am  gmn^^m  inla,  which  firit  ap- 

wwoderfultj  in  form  u  well 

of  the  iDdtTidnal^  ihtoIt' 

^rnHk  Bvnierpiu  members  of  the 


i 


*JSiSt 


IT  «(  liw  lurml  Kearopf^rm  lire  in  the  wileft  th 
I  fentti  of  external  gUb  ai?>  of  high  inlerMt     In  tho 
»»«  which  cooslnrt  tutm  of  Mud,  htii  of  learea^ 
Uie  gilb  m  akiider  ^ktnents  pefmMtied  by  iiir-tubfi« 
9ttwled  along  the  side  of  the  body*    la  Uiehunral  aad 
^  apal  diagOQ-lly  r  Pig.  a$d)  the  water  paaM  ialo  the  intea- 
tioe,  where  there  are  folds  rich  in  minute  tracheal  bnuiehaa 
Jn  tha  miaUer  dimgon-fliefl.  such  as  AffHm  (Fig.  386),  ther» 
thi^  long,  I«af*like  gills,  interpenetrated  by  airiubes. 
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In  the  May-fly  (Pig.  327)  the  leaf-like  gills  gi-ow  out  from 

the  sides  of  the   body.     In  the  larval  and  pupal   Perla 

(Fig.  328),  tnfts  of  gills  are  situated  on  the  under  side  of 

the  prothorax,  and  in 
the  adult  winged  Pte- 
ronarcys  these  gills 
are  retained.  Both  an 
European  and  Brazil- 
ian Caddis- fly  has  been 
found  to  possess  gills 
in  the  winged  condi- 
tion. 

The  habits  of  the 
Neuroptera  are  most 
interesting ;  the  ant- 
lion  in  the  larval  state 
constructs  a  pitfall  for 
unwary  insects.  Its 
metamorphosis  is  com- 
plete, as  is  that  of  the 
Aphis-lion  (Fig.  329, 
Chrysopa  oculata  Say, 
adult  and  eggs). 

As  an  example  of 
mimicry  among  insects 
is  Mantupa  (Fig.  330), 

which,  in  its  raptorial  fore-legs,  strikingly  resembles  the 

Orthopterous  Mantis  (Fig.  333). 
The  white  ants  top  the  Neuropterous  series  ;  they  live  in 

stumps  and  fallen  trees,  and  in  the  tropics  do  much  harm 

by  undermining  the  sills 

of  houses,  and  destroying 

furniture,  books,  etc.    The 

colonies  are  very  large  and 

populous.     In  our  Termes 

flavipes   there   are   males 

and  females,  workers  and 

soldiers  ;  the  workers  being  small,  ant-like,  with  small  round 

heads,  while  the  soldiers  have  large  square  heads,  with  long 


Flff.  SIT.— May-fly  aod  lanra,  the  latter  enlarged. 


Fif?.  389— CAryfopa and ffroup  of  stalked 
eg8«- 


woatJWT. 


Friti 


tier  fcnind  in  Brttzil 

differentiated    into  an 

tndiTidiuli  ;  riz.,  a  set  of  winged  And 

wtitglesB    females  ;    winged    &n^ 

wiagleffi  males ;  workers  and  eol- 

diefs.     A  male  always  liTes  with  a 

fSHMJe,  and  a  winglees  male  and 

Imafe  mar,  on  the   death  of  t 

witiged  nonnal  male  and  female, 

^^^_^/  npkce  them.     He  found  a  mate 

^P^^\\j2k  O^ld  Ii^™g  '^^^  thirty-one  com- 

J  V5^  plemental  temalea.     In  CaloUrme* 

ihefe  are  no  workers,  in  Amphkr- 
mt^  no  eoldiers.     Termes  Mlimsm 
Smeathman,  of  the  west  coast  of 
Africa,  buildf  conical  hilb  six  feet  or  more  in  height 

Onfer  3*  Ofikopi^nu — The  insects  of  this  group,  so  called 
froaa  the  sliwgbt-edged  lore  wingis  of  the  gni^boppera, 


Mam4tfM  ttyriaca.   Kiil«rg«d. 


locusts,  criekot^,  etc.,  is  characterized  by  their  net- veined 
wiii^  and  incomplete  motaTnorphosis  :  they  are  connected 
closely    with  the   Neupoptera   by  the   ear-wig   (For/nVwto). 
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Org&ns  of  hearing  may  be  aitniited  either  on  the  fore  legs, 
us  in  the  green  grasshoppers^  katydids,  or  at  the  base  of 
the  abdomen,  as  in  the  locusts.  Host  Orthopiern  have  a 
Iiuge  ovipositor  by  which  they  burrow  in  the  earth  or  into 
soft  wood,  and  deposit  their  eggs  singly  or  in  masses. 
ytatiUa  (Fig.  333)  lays  its  eggs  in  a  cocoon-like  mass. 

Many  Orthopt^ra,  as  the  crickets,  green  grasshoppers^ 
kAtydids^   etc.,  and   locusts,  produce  loud,  shrill   sounds. 


Ftg.  S8S.— An  Africftn  MQMi$^  or  ■ooUmyer,  with  \it  e^-mft^.— From  If ontdm's 


L^hich  are  sexnal  calls.  They  stridulate  in  tliree  ways-- 
^fi.f  first,  by  rubbing  the  base  of  one  wing-covpr  on  the 
f  other  (crickets  and  green  grasshopjxirs)  ;  second,  by  rub- 
^^ing  the  inner  surface  of  the  liind  legs  against  the  outer 
^■U'fiice  of  the  front  wings  (some  locusts)  ;  third,  by  rub- 
^^Ting  together  the  upper  surface  of  the  front  edge  of  the 
Jiind  wings  and  the  under  surface  of  the  wing-covers  during 
?ht  fsome  locusts  u 


mOLOOT. 


JMhr  4  H0miplern. — Insects  of  ibis  gronp  are  called 
hagL     They  all   (except   tlie  bird-lice   and    Thrip&)  have 
mckiiig  mouth*purts,  the  mandi- 
bles and  first  maxilla*  are  bristle- 
^A.    y^      like»  and  en&beathed  by  the  lahiom 
\j^/        or  second  maxillse.     There  are  no 
y^-^B^      P&lpi   except    in   Thripa    and    the 
X  v^Bv  \    bird -lice.     The  metamorphoses  are 
r  ^B  ]       incamplefce,  the  larva  being  like  the 
}   ^    t       adults  except  that  the  wings  are  ab- 
sent.    Many   bugs   secrete  a  disa- 
greeable fluid  from  glands  seated  in 
the  metathorai.     The  lice  arc  low, 
wingless  parasitic  Hmniptertu    The 
squash-bug  f^^Fig,  334,  Coreu9  (ristis)  and  chinch-bug  {Blii* 
$us  Uucopterus  Uhler)  are  types  of  the  order. 


Fig,  S34,  -  a*r' 
tilt  trUtU,  •qu»«h- 


fig.  89S.— SeT«Dt«cB<7emr  Lociut    A,  ft,  inipa  ;  tf,  tnclstona  for  «!(«.— After  Jtlkr* 


An  aborrant  form  is  T/trips  (Fig*  335,  TkHps  cerealium)^ 

with  long,  blender  white  wings  and  free  biting  mouth-parts, 

Whikt  most  insects  live  but  a  year  or  two>  or  three  at  the 
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most,  the  seTenteen-year  locust  {Cicada  sqptemdecim  Linn., 
Pig.  336)  liTes  over  sixteen  years  as  a  larva,  finishing  its 
transformations  on  the  seventeenth  ;  there  is  also,  accord- 
ing to  Riley,  a  thirteeu-year  variety  of  this  species. 


Fig.  3o7.— Spittle  Insect 
it!  natnrml  bIzo. 


a,  Imrva,  enlarged ;  6, 


Fig.  8a8.>-Cochineal  Insect, 
nuile ;  female  nalaral  Bhse  and 
onlai^ed. 


The  froth  insect  {Ptyelus  lineatuSj  Fig.  337)  abounds  on 
grass  in  early  summer.  The  cochineal  insect  {Coccus  cacti) 
belongs  to  the  Coccida,  or  bark-lice ;  the  dried  female  is 
used  as  a  dyestufiF,  and  abounds  in  Central  America. 

The  plant-louse  (Fig.  839,  Aphis  malt  Fabr.)  is  provided 
with   two  tubes  on  the  hind-body  from  which  honey-dew 


Fig.  889.— Apple  Aptaia.    Natural  cize  and  enlarged. 

drops,  which  attracts  ant^,  wasps,  etc.  In  summer  the 
plant-lice  reproduce  asexually,  and  as  there  may  be  nine  or 
ten  generations,  one  virgin  aphis  may  become  the  parent  of 
millions  of  children  and  grand-children. 


3M 


rjjOfAHi  r. 


Order  5,    Unleopfera. — Tiie  beetles  form  a  hutuogeueou« 
and  easily  ciirn inscribed  group,  all  having  the  fare-wiugii 
thickened^  not  used  in  flighty  and  forming  sheathg  (elyir9 


PI*.  SM. — Pine  we«vlK    it,  l»nni ;  A,  pap*. 

or  wing-oorers)  for  tlio  hinder  pain     The  mouth-pa 
free  and  adapted  for  biting.     The  metamorphosis  is* 
plete.     The  young  or  larvse  of  beetles  are   called  grubs. 
Examples  of  beetles  and  their  transformations  are  the  pino 


Ftf .  Ml.-Juiie  Bcetlfl  Atid  lu  trftiwlbmiallofii.    1,  |rapt;  t,  1ftrrft.-^IUr  Bikf. 


(Pig,  340,  PisAodss  sirahi  Peek."^  and  the  June  lieetle 
I,  Liiehnoderna  fuam  Frbhl  j.     The  oil  Ix^tle  w_ 
tie  for  pasgfog  through  three  larval  stages  (I 
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3^,  Mehi  angusiicoUis  Say),  the  first  larva  being  minute 
■nd  parasitic  on  bees,  sacking  their  blood,  while  in  the 


Fig.  842L— Oil  Beetle,  a,  fint  larva ;  ft,  second  lan-a ;  c,  third  )ar\-a ;  d,  pupa. 

second  and  third  stages  it  feeds  on  the  pollen  mass  designed 
for  the  young  bees. 


Rg.  Ut^St^lcpt  dkUdrmU^  nude,  dorsal  and  side  view.    Hoch  enlarseA. 

The  blister  beetles  (Lyita  marginata)  undergo  a  similar 
icries    of  transformations   called   a  hypermetamorphosis. 


»  wmgltm^  gniVttka,  tmptrhcll] 
i«A)f9i«  9mA  »  viniMm^i^  llit  jvmmg  itmnmg  from  bar  ^ 
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all  directions,  A  few  beetles  are  phosphorescent.  Such 
are  the  fire- flies,  the  cucuyo  of  the  West  Indies,  the  glow- 
worm, and  certain  grubs,  finch  as  Asiraptor  iUuminaior 
(Kg,  346)^  MelanacteSf  and  the  young  of  a  snapping  beetle. 


Flfi.  817.— Eof-fljr  of  Lbo  ox  uul  tt0  lu-vo. 

We  now  come  to  the  second  series  of  orders,  the  Meta- 

Order  6,  Dipiera. — ^The  common  iiouse-fly  (Fig.  346)  is 
a  type  of  this  division,  all  the  members  of  which  have  but 
two  wings,  while  the  tongue  is  especially  developed  for  lap- 
piug  np  liquids.     The  common  houso- 
iy  Uvea  one  day  in  the  egg  state,  from 
five  days  to  a  week  as  a  maggot,  and 
from  five  to  seven  days  in  the  pupa 
state*     It  breeds  about  stables. 

The  Tachina-fly  is  beneficial  to  man, 
from  its  parasitism  in  the  bodies  of 
cat^arpillars  and  other  injurious  insects. 

The  bot-fly  (Fig,  347,  Hypoderma 
hovis  DeGeer)  is  closely  allied  to  the  ^^^-^vrph^ poiitu, 
bonse-fly,   but  the  maggot    is  much 
larger.    The  larval  bot-fly  of  the  horse  lives  in  the  stomach, 
that  of  the  sheep  in  the  frontal  sinus. 

The  Syrphus  flies  (Fig.  348,  Syrphus  poUius  Say)  mimic 
wasps  ;  they  are  most  useful  in  devouring  aphides. 


of  tt-- - "'      -•  r"-  :  ( -'  iTTiertcji.    l,  egf ;  t,  embiTt^;  SjirvA;  4^  cocoon;  S^pom: 
I,  f<  Riimit  cm  tli«  (Uinl  d&y  from  ita  enttmnM  oiidrT  the  dclB 

of  'I  jumv  AA*<r  MiruJiU  dA^H' residence  In  the  •Jcio  of  It*  I 

U.  tniiv  ^ro>vn  n  iuiii<  irMKiii(i«l  foar  tlinc>« ;  fO,  bead  of  the  nine  istlll  ttuMf^  i    ' 
n.  tliv  fMiiAto  b«ftirt  It  ha*  «iitof«d  die  iliiiiof  Jt«  ho^i ;  lit,  tb«  noiith-] 
•tiUAf-tfiHt ,  «^  mAAdtVNi  ;  C  mtfOUr^  pnlpt ;  m,  ittidcr<4tp  or  Ubtmn.— i 


THS  HBsaiAN'FLY. 


877 


The  fleM  (349)  are 
wingless  flieSy  allied  to 
winged  foims  intennedi- 
ate  between  the  honse- 
fliet  and  crane-flies. 

In  the  two-winged  gall- 
Hm  (Fig.  360,  Oecidamyia 
desirudor  Say,  or  Hes- 
sian-fly) the  body  is  small 
and  dender,  with  long 
anteniMB.  The  crane-flies 
{TipuJa)  are  large  flies, 
standing  near  the  head  of 
the  order,  and,  like  the 
flea  and  gall-fly,  the 
chrysalis  is  enclosed  in  a 
cocoon,  thera  being  no 
pnparinm  or  pupa-case, 
as  in  the  lower  flies. 
Lastly,  we  have  the  mns* 
qoito  (Figs.  351  and  352), 
whose  larva  is  aqnatic, 
and  breathes  by  a  process 
on  the  end  of  the  body, 
containing  a  trachea. 

Order!.  Lepidoptera. — 
The  butterflies  and  moths 
form  a  well-defined  groupi 
and  are  known  by  their 
scaly  bodies  (Fig.  868), 
the  spiral  maxillsB  or 
tongue,  roUed  up  between 
the  two  large  labial  palpi, 
and  their  usually  broad 
wings.  As  the  butterfly, 
the  type  of  the  order,  has 
been  described  at  some 
length,  we  wiU  only 
enumerate   some  of   the 


Fig.  851.— -4,  Uupva ;  <?,  Its  retpintory  tube. 
B,  papft  ;  tf .  respiratory  tube,  a,  two  paddles 
at  tne  end  of  the  bod  j. 


869.— Head  of  Mosquito  enlarged,    a, 
antennn  ;  m,  mandibles  ;  moD^  maxiua  ;  mp^ 


Fig. 


maxillary  palpi;  Ig^  labium. 
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Iftr,  ftnd  moth 
Coi(on  Armj- 


The  larger  moths  are  represented  by  the  cftnker-worm^ 
tlio  grass  army-worm  (Fig,  35fi),  and  the  cotton  army-worm 

(Fig.  367),  so  destructive  to 
vegetation  ;  the  silk  -  worm 
moth  {Bombtfx  mori  Linn,), 
of  the  Old  World,  and  the 
American  silk-worm  {Telea 
Polyphemus  Linn.).  Certain 
species  of  the  silk  -  ivorm 
family,  called  baskefc-worma 
{(Sceticus),  live  in  cases  con- 
structed of  short  or  long  strips 
(Fig,  358).  Our  native  species 
IB  Thyridopteryx  ephmnermfor- 
mis  Haworth, 
The  hawk-moths  {Sphinx)  are  diatingiiished  by  their 
large  size  and  very  long  tongue.  The  butterflies  dMer  from 
the  moths  in  having  knobbed  anten- 
n$Bf  while  the  chrysalides  are  often 
ornamented  with  golden  or  silvery 
spots. 

Order  8.  Hymenoptera. — The  bees 
stand  at  the  head  of  the  insect  series 
in  perfection  and  specialization  of 
parts,  especiaDy  the  organs  of  the 
month,  and  from  the  fact  that  in  the 
course  of  the  metamorphosis  from 
the  hirva  to  the  pupa  the  first  ab- 
dominal segments  become  transferred 
to  the  thorax — a  striking  instance  of 
the  principle  of  transfer  of  parts 
head  ward.  Jn  the  large  !iead,  spheri- 
cal thorax,  and  short,  conical  abdo- 
men, the  bees  are  opposed  to  the 
dragon-flies  and  other  Nenroptera,, 
in  which  the  abdomen  is  long,  the 
thorax  composed  of  three  homogene- 
ous segments,  and  the  mouth -parts  only  adapted  lor  biting* 
In  the  bee  there  is  a  marked  di&rentiation  of  the  parts  of 


finsket'^wonnpi. 


;  Urn  topgne  or  fleeb  j  prolonga* 
(MiM,  mr  Fig.  359,  g)  being 
kppiiif  Dp  liquid  food  in  the 

bf  the  0aw-flie8,  ihe 

tli0  mtiy  tii9  nnd-irMps, 

wpe,  aad  beeo. 

I7rwertdl0,  or  hom-Uik  (Fig* 

linm)^  vhoee  Aedijr  whitt^ 


91^,  ffi,    CiiV  vi«v  flf  ^  fMBt  M0t  ef  Ite  ht^  «f  llM  Humble  Bee,  n.  dypMit 

"  ~  <l  Om  maxtlV  witb  th<if  two-toliited 


piM  lA*^  ^  taw :  /rXti  Mi«il»« 


larra  bore  in  troea;  The  aduIU  «ie  large,  with  a  long,  saw- 
like  OTtpodtor.  In  the  saw-fliea  {Umihredinid^B,  Fig.  361, 
the  pear^ugj  Sehmdria  cfrast  Peck)  the  hirva  strongly  re- 
serablea  a  caterpillar,  haying  eight  pairs  of  abdominal  feet 
The  gaU-fUe6  (Fig.  362,  Cynips)  are  small  Hymanoptem 
which  lay  eggs  in  Ihe  leaves  or  stems  of  the  oak^  etc*,  which, 
from  tlie  irritation  set  up  by  their  presence,  oausea  ihe  de- 
formation termed  a  gall 
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The  ichneumon-flies  (Fig.  363)  are  very  numerous  in  spe* 
\tm  and  indiriduals ;  by  their  oTipoaitor,  often  very  long, 
ey  pierce  the  bcniies  of  caterpillars*  inserting  several  t>r 
ay  eggs  into  them  ;  the  larvaa  develop  feeding  only  on 
the  fatty  tissues  of  their  host,  but  this  usually  causes  the 
death  of  the  caterpillar  before  its  transformation.     Certain 
minute  species,  with  veinless  wings  (Fig.  364,  Platt/gaffter), 
of  the  canker-worm  eggs,  are  egg-parasites,  ovipositing  in 
Jthe  eggs  of  butterflies,  dragon-flies,  etc. 


Fig.  MO.— Honi- 
taO  :  UrvAof  Trt- 


^   Th 


FIct*  SOS.— Gftll'fly  of  Oftic 


Fig.  868.— Alt  iGlmetunon-ilf , 


Fig.  8lfl.— Pear  Slag, 
natural  eise.  guAwini; 
iMTei.  a,  larv»  en- 
burged ;  ft,  the  fly. 


pariLBlte  of  Canker* 
[igblj  magDJJOied. 


The  family  of  anta  is  remarkable  for  the  differentiation 
of  the  species  and  the  consequent  complexity  of  the  colony, 
the  division  of  labor  and  the  reasoning  powers  manifested 
by  the  workers  and  soldiers,  which,  with  the  males  and 
females,  constitute  the  ant-colony. 

Certain  ants  enslave  other  species ;  have  herds  of  cattle, 
the  aphides ;  build  complicated  nests  or  formicaries  (Fig, 
36t>),  tunnel  broad  rivers,  lay  up  seeds  for  use  in  the  winter- 


Mtrn-WABPR 
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their  leaf-cutting  habita  ;  the  Boldiers  haye  large  triangular 
fcea(K  ^hile  tbe  workers  have  much  smaller  rounded  heada. 
Fig.  367  represents  a  gpeciea  of  EciUm^ 


F^K*  3W  — Bcit€*u- 


Fig.  906.— Mud-daaber. 


The  mod-daubera  (Pelopmus,  Fig»  368)  build  their  nests 
agunst  0toDe  walla,  of  i)ellet8  of  mud,  while  the  Band-  and 
mud^waipa  dig  deep  holes  {F\^.  309,   Sphex  ichneumanea 


Linn*)  in  graTelly  walks,  and  have  the  instinct  to  sting 
grasshoppers  in  one  of  the  thoracic  ganglia,  thus  paralyzing 
tlie  victim,   in  which  the  wasp  lays  her  eggs  ;  the  young 


hutoliingj  feed  upon  Uie  living  but  paralyzed  grawhoppera, 
the  store  of  liriug  food  uot  being  exhausted  luxtil  the  larviil 

waap  is  ready  to  stop  eating 
and  finish  its  traasformatiooB, 
The  gemiine  paper-making 
waspe  are  numerous  in  species; 
here  the  workers  are  winged, 
and  only  differ  from  the 
females  or  queens  in  being 
rather  smaller  and  with  unde- 
veloped oTaries.  The  series  of 
genera  from  OdyneruB^  which 
builds  cells  of  mud,  and  in 
which  there  are  no  workers, 
up  to  those  which  have  work- 
ers and  build  paper  cells,  such 
as  Polisie^,  is  quite  continu- 
ous. The  genuine  paper- 
making  wasps,  such  as  Ve$pay 
build  several  tiers  of  cells,  ar* 
ranged  mouth  downward,  and 
enveloped  by  a  wall  of  several 
thicknesses  of  paper.  In  the 
Vesj)(B,  the  females  fonud  the 

csolony,  and  raise  a  brood  of 

[  (SiSSS^&BSt^^tl^S^^      workers,  which   early   in   the 

m  lA^9^^m\  ^8Ky  ^    summer  assist    tiie  queen  in 

I  [\^fff^UliKSBSBS^      completing  the  nest. 

■  ^r^^F^^MBsS^^         The    bees    also    present    a 

B  'f  y^i0Ws^^S'yf^      gradual     series    from     those 

H  I  ^Z/^MfSTdmiff^  which   are  solitary,  living  in 

^ft  wi^^^lj^f^l^''  holes  in  the  earth,   like   the 

^^  diffnfffir^*  ^j^ts  (Fig.  370,  nest  of  ^n- 

H  .T%^^ti^StJ:.  cZl  ^'^^^^  ^^'^*««  Smith),  and  form- 

^H  tuiiiTiig  »  ptipa;  b^iMrKm^  t  pojjen  j^g  silk-Iiued  earthen  cocoons, 

^^B  tiiiM  with  AD  «K^ luld  on  H:/&<)t1eQ        ^  ^  / 

^^B  niftM*  frcibiy  iiepo«tt«d  fey  uu>  bee.—  to  uiose  which  are  SOCIAL  with 

^^B  Winged   workers^  slightly  dif- 

^^B      tcriug  from  the  queens.   The  queen  humble-bee  hybornates, 

^^H     iind  in  the  spring  founds  her  colony  by  laying  up  pallets  of 
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paUen  in  flome  sabtonanean  moase-nest  or  in  a  stump,  and 
the  young  hatching,  gradually  eat  the  pollen,  and  when  it 
if  exhausted  and  they  are  fully  fed,  they  spin  an  oval  cylin- 
drical cocoon ;  the  first  brood  are  workers,  the  second  males 
ind  femaleB.  The  partly  hexagonal  cells  of  the  stingless 
bees  of  the  tropics  {Melipona)  are  built  by  the  bees,  while 
the  hexagonal  cells  of  the  honey-bee  are  made  by  the  bees 
from  wax  secreted  by  minute  subcutaneous  glands  in  the 
abdomen.  Though  the  cells  are  hexagonal,  they  are  not 
built  with  mathematical  exactitude,  the  sides  not  always 
being  of  the  same  length  and  thickness. 

The  cells  made  for  the  young  or  larral  drones  are  larger 
than  those  of  the  workers,  and  the  single  queen  cell  is  large 
and  irregularly  slipper-shaped.  Drone  eggs  are  supposed  by 
Dxienon  and  Siebold  not  to  be  fertilised,  and  that  the  queen 
bee  is  the  only  animal  which  can  produce  either  sex  at  will. 
Certain  worker-eggs  have  been  known  to  transform  into 
queen  bees.  On  the  other  hand,  worker-bees  may  lay 
drone  eggs.  The  maximum  longeviiy  of  a  worker  is  eight 
months,  while  some  queens  have  been  known  to  live  five 
years.  The  latter  will  often,  under  favorable  circum- 
stances, lay  from  2000  to  3000  eggs  a  day.  The  first  brood 
of  workers  live  about  six  weeks  in  summer,  and  are  suc- 
ceeded by  a  second  brood. 


Cuu»  IL— IN8ECTA. 

A  dU/inet  head,  thorax,  and  abdomen  ;  hreaOdng  bjf  frachem;  ustuJiy 
wtOi  ameUmarphmU. 

BcB-CLASB  L  ira2a«0!po(to.— Numerous  simple  spiracular  openings  with 
Isolated  tracheal  twigs ;  nervous  system  with  an  incomplete 
dudn  of  minute  gangtia,  but  the  cords  widely  separated 
(Peripatus). 

SuB-GLASB  n.  Jfyriopoda. — ^Thorax  and  abdomen  forming  a  continuous 
r^on,  with  from  six  to  two  hundred  joints,  each  bearing  a 
pair  of  genuine  l^gs. 

Order  1.    OSUJ^yiMrfAo.— Body  cylindrical  or  flattened,  with  no 
sternum ;  a  dftidnct  metamorphosis  (Julu%  Polydesmus). 
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^^Micr060opic ;  bodjr  of  dx  to  nine 
(PauiopoB), 

i  HL  ^mfllAklfi.— Head  and  thorax  intimately  united;  no 
oi4y  one  pair  of  maxi11» ;  no  genuim;  «bdo 


k^Ko  Uiorax  separate  from  the  abdomen  (Lam, 

k— MaariTlaiy  palpi  often  ending  in  a  forceps  cur 
distinctly  segmented  (Scorpio,  Ciidtfer, 


Qni«p  3L 

paifsol 
tborax;  00 


rounded,  bearing  two  or  thrre 
■Dd  attached  by  a  slender  pedicel  to  lite 
(Epeira,  Mjgale), 


IT.  Wntftdt^ — ^AntefflBS  always  present,  and  two  pairs  of 
"m*^T*»* :  six  thoracic  legs ;  a  genuine  metamorphosis. 

CMir  1.   n^ftamura. — Wingless,  minute,  with  a  spring,  or  sb 
domeo  eodlmg  in  a  pair  of    caudal  stylets  ;    usually    no 
cjes;  no  metamorpho^  (Podura,   Campodes, 


CMirflL  Mmr&pkm.—Vilaged,  net-veined,  of  equal  size,  pupa 
ofleB  actlYe ;  abdomen  often  long  and  slender  (Ephemera, 
liMlnla,  Fhrjganea,  GbiTsopa,  Perla,  Termee). 

CMv  t.  Onloipiim.  —  Wings  net- veined  ;  fore-wings  narrow, 
■*™%fc>,,  not  often  used  In  flight :  metamorphosis  incomplete; 
pupa  active  (Forficula,  Locusta,  Caloptenus,  Fhaneroptera, 

CMcr  4.  SlMNipCms,— Mouth  parts  forming  a  sucking  beak  ;  pro- 
thorax  usually  large ;  fore-i^ings  often  thickened  at  base ; 
fvupo  active  (CToreus,  Arma,  Pentatoma,  Cicada,  Ooocus, 
Aphis). 

fk'itt  {}.  CWs<iptona.  ^  Fore- wings  thick,  ensbeathlng  the  hinder 
pair,  whldi  are  alone  used  in  flight ;  mouth- parts  free. 
adapted  for  Inting ;  metamorphosis  complete  (Doryphora. 
Qytiia,  Lucanus,  Uarpalus,  Cidndela). 

(Mv  6.  U^^iCfrtt.  ^  Only  t^  mouth  parts  ada|)4ed  for 

ce  metjunontUosia  (Mnica. 
*  Tipula^  CulexX 


and  sucktni; ; 
<£strus.  8yrr» 
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Order  7.  Lepicbptera.  —  Body  and  wings  covered  with  scales  ; 
maxillae  lengthened  into  a  very  long  tongue ;  larvae 
(caterpillars)  with  abdominal  legs  (Tinea,  Qeometra,  Noctua, 
Bombyz,  Sphinx,  Papilio). 

Order  8.  Hifmenaptem^ — WingB  dear,  with  few  Teins ;  month, 
parts  with  a  Tarietj  of  fonctions,  id.,  biting,  lapping 
Uqoidfl*  etCL  In  the  higher  families  the  thorax  oonsista  of 
four  aegments^  the  first  abdominal  segment  of  the  larva 
being  transfened  to  the  thorax  in  the  papa  and  imago. 
Metamori^osis  complete.  (Tenthredo,  Cynips,  Ichneomon, 
Sphex,  Vespa,  Apis.) 


Tabuulb  Vnsw  of  thb  Sub^classbs  and  Orders  of  Inbbcta. 


.^     ..• 


Hexafoda. 


Arachnida. 


Myriopoda. 


INSECT  A. 


LaboraUfrff  Wcth.^^hx  dissecting  Myriopods,  spiders  and  insects,  the 
dorsal  portion  of  the  integument  should  be  carefully  removed  with 
fine  seiBsors,  leaving  the  hypodermis  untouched  ;  this  should  then  be 
ndsed,  disclosing  the  delicate  heart  or  dorsal  vessel.  The  alimentary 
canal  will  be  found  passing  through  the  middle  of  the  body  ;  it  should 
be  laid  open  with  the  sdssors,  or  better,  a  hardened  alcoholic  specimen 
can  readily  be  cat  in  two  longitudinally,  and  if  the  section  is  true,  the 
CBSophagns  and  crop — ^for  example,  of  a  locust— can  be  laid  open,  and 


asd 
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the  rows  of  teeth  euLiiiined.  The  thormde  mad  abdominal  portiotu  »! 
the  oerYoaa  system,  wliich  liea  IooabIj  cm  the  floor  of  the  bodj,  cui  be 
readily  fouiMl  by  laUiti^  the  aUmeotarj  canal ;  but  the  brain  and  lain' 
GMOphag«al  ganglia  can  beet  be  detected  by  a  longitttdioal  section  ol 
the  head.  The  OTmriee  always  lie  above  the  loteetine*  and  the  two 
(yridaeta  imitie  below  the  nerroas  cord  to  form  the  common  duct  wMcb 
opetie  on  Ibe  Tentral  side  of  the  third  »egmeiit  in  frotit  of  the  aaua, 
which  ft  Bituated  doreally*  Insects  should  be  diaaeoted  in  a  ehallov 
pan  lined  with  wax  or  oork«  and  the  parte  floated  out ;  freah  apedmens 
are  deaiimble.  The  body  may  also  be  dieeected,  each  ee^ment  with  iu 
appendagea  being  separated  and  glued  in  their  true  sequence  toaciLrtl. 
Bj  fitmply  dissecting  an  insect  in  this  wiiy,  the  student  will  acquire?  a 
valuable  knowledge  of  the  external  structure  of  inaecta. 


CHAPTER  VIII. 


BBANOH   yiIL~ySBTEBR4TA. 


Geneiml  GbtfMletB  of  Vartatafttes.— The  fundamental 
charactera  of  the  Yeriebratea  are  the  possaision  of  a 
segmented  vertebral  colomn,  enclosing  a  nerrona  oerd  and  a 
Bkoll,  and  oontaining  a  genuine  brain ;  yet  these  f  eatores, 
though  common  to  moat  Vertebratea,  are  wanting  in  the 
lancelet  {AmpAioxus)  and  in  a  degree  in  the  hag-fish,  and 
even  the  lamprey ;  but  the  essential  character  is  the  division 
of  the  body-cavity  by  the  notochord  (in  the  lancelet,  eta), 
or  by  the  back-bone  of  higher  Vertebrates  into  two  sub- 
ordinate eaYitieSi  the  upper  (neural)  containing  the  nenrous 
cord,  and  the  lower  (enteric)  the  digestive  canal  and  its  ap- 
pendages and  the  heart  These  are  the  only  characters  which 
will  apply  to  every  known  Vertebrate  animal  (compare  p.  226 
with  Figa.  871,  875  and  876.) 

In  general,  however,  the  Vertebrates  are  distinguished 
from  ^e  members  of  the  other  branches  by  the  following 
characters :  they  are  bilaterally  symmetrical  animals^  with  a 
dorsal  and  ventral  surface,  a  head  connected  by  a  neck  with 
the  trunk ;  with  two  eyes  and  two  ears,  and  two  nasal  open- 
ings, always  occupying  the  same  relative  position  in  the  head  ; 
an  internal  cartilaginous  or  bony,  segmented  skeleton^  con- 
sisting of  vertebne,  from  the  bodies  of  which  are  sent  off 
dorsal  processes  which  unite  to  form  a  cavity  for  a  spinal 
cord,  the  latter  sending  off  spinal  nerves  in  pairs  *  correspond- 
ing to  the  segmentations  (vertebra)  of  the  spinal  column. 

*  Except  in  AmpUoxat,  in  which  the  spinal  nerves  arise  ri^ht  and 
left  dUemaUfy. 


zoo  LOB  T, 


From  tbe  vndenida  of  the  TertebrsB  are  sent  off  pr 

wiA  the  lihfi^  which  enclose  the  digestive  and 
romtnl  etfeohloij  organs  There  is  a  skrill  formed  bj  n  con- 
tmuatioii  of  the  Tertebnl  ooltuim,  enclosing  a  genuine  braitij 
of  serenl  pttiis  of  ganglia    To  the  yertebral  ool- 
i  are  appended  two  pairs  of  limbe,  sapport^  bj  rajB  ir- 
lepealed,  or  a  aeiiei  of  bones  of  a  definite  nnmber^ 


bed  to  the  Tertebral  colnmn  by  a  series  of  bones  called 
cdyelj  the  shoulder  and  pelvic  girdle. 

It  will  be  obeerred  that  the  fact  of  segmentation,  so  prom 
inent  a  feature  in  the  Worms  and  Arthropods,  Burrires,  or 
leaat  reappears  in  a  marked  degree  in  the  Vertebrates^ 
seen  not  only  in  the  Tertebral  column,  but  in  the  arrangemeni 
of  the  spinal  nerres.  It  is  perceiyed  also  in  the  arrangemeni 
of  the  muscles  into  masses  corresponding  to  the  Tertebne ; 
and  in  the  segmental  organs  or  tubes  forming  the  kidneys  of 
the  sharks  and  rays,  while  segmentation  is  especially  marked 
in  the  disposition  of  the  primitiTe  vertebrte  of  the  early  em- 
brjas  of  all  Vertebrates. 

The  digestive  canal  cjonsists  of  a  month  with  lips  or  jaws, 
aed  with  teeth,  a  pharynx  leading  to  the  lungs  ;  an  cpsoph* 

38  and  th}Toid  gland  ;  sometimes  a  crop  (ingluvios),  often 
Hi  fore-stomach  (pro?entriculus) ;  a  stomach  and  intestinoy^ 
cloaca  and  vent     Into  the  beginning  of  the  intestine 
a  duet  leading  from  a  large  liver ;  a  gall-bladder,  usually  a 
pancreas,  and  a  spleen,  also  communicuting  with  the  intestine 
The  products  of  digestion  do  not  all  pass  through  the  wal 
of  the  stunuioh  and  directly  enter  the  circulation,  as  in 
invertebratcts^  but  there  is  a  system  of  iuterniediate  vessel 
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called  the  lacteal  system  or  absorbents,  which  take  np  a  part 
of  the  chyle  from  the  digestive  organs  and  convey  it  to  the 
blood-vessels. 

There  is  atnie  heart,  with  one,  generally  two,  auricles,  and 
one  or  two  ventricles  with  thick,  mnscolar  walls,  and  besides 
arteries  and  veins,  a  capillary  system,  t.  0.,  minnte  vessels 
connecting  the  ends  of  the  snudler  arteries  with  the  smaller 
veins.  There  are  no  gennine  capillaries  in  the  lower  animals 
exactly  comparable  with  those  of  the  Vertebrates. 

The  blood  is  red  in  all  the  Vertebrates  except  the  lancelet, 
and  contains  two  sorts  of  corpuscles,  the  white  corpuscles 
like  the  blood-corpasdes  of  invertebrates,  and  red  corpuscles 
not  found  in  invertebrates,  and  which  are  said  by  some 
authors  to  be  derived  jbrom  the  white  corpuscles. 

While  fishes  and  larval  Amphibians  breathe  by  gills,  all  land 
and  amphibious  Vertebrates  breathe  the  air  directly  by  means 
of  cellular  sacs  called  lungs,  and  connected  by  a  trachea  with 
the  pharynx,  the  trachea  being  situated  beneath  the  oesopha- 
gus, and  the  opening  from  the  mouth  into  the  pharynx  lead- 
ing into  the  trachea  being  placed  below  the  throat  or  passage 
to  the  oesophagus.  The  air  filling  the  cells  or  cavities  of  the 
lungs  passes  by  osmose  through  the  walls  of  the  cells  into  the 
blood  sent  by  the  heart  through  the  pulmonary  artery,  and 
after  being  oxygenated  it  returns  by  the  pulmonary  vein  to 
the  heart.  On  the  other  hand,  carbonic  acid  passes  from 
the  blood  out  of  the  lungs  through  the  trachea. 

The  nervous  system  of  Vertebrates  consists  of  a  brain  and 
spinal  cord.  The  brain  consists  of  four  pairs  of  lobes,  t.  0., 
the  olfactory  lobes,  cerebral  hemispheres,  the  optic  thalami 
(Thalamencephalon)  and  pineal  gland,  and  the  optic  lobes;  and 
two  single  divisions :  the  cerebellum  and  the  beginning  of  the 
spinal  cord,  called  the  medulla  oblongata.  The  olfactory  lobes 
are  the  most  anterior,  and  send  off  the  nerves  of  smell  to  the 
nose.  The  cerebral  hemispheres  in  the  fishes  and  amphibians 
are  little  larger  than  the  adjoining  lobes,  but  in  the  reptilea 
become  larger,  until  in  the  mammals,  and  especially  in  the 
apes  and  man,  they  fill  the  greater  part  of  the  brain-box  and 
overlap  the  cerebellum  ;  the  latter,  in  the  mammals,  also 
exceeding  all  the  other  lobes  in  size,  excepting  the  cerebrum. 
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lOdhrmliL 


Hfaidbtmln. 


OpUe  lobHi,  corpora  bigemiiia  or  quubrigemina  (meteD- 

eepludon). 
CmiA  csrobii. 
Optic  ^pcQtrkle  or  Iter  a  tertio  ad  qiuurtiim  Tentricalum. 

CmMliim  (with  111  ▼entildc  and  flie  pom  ymrolii,  form- 
ing the  metenoephftloii). 
Mcdnlla  oblongila  aiid  fourth  ^ 


The  aooompanying  sketchM  represent  the  typical  nenrouB 
gystem  of  an  amidiibian,  which  also  reeemblee  that  of  many 
fiflhea.  and  eren  the  bwer  ReptHia. 

The  spinal  cord  (Fig.  878)  usually 
extends  through  the  whole  length  of 
the  spinal  canal,  except  in  the  toads 
and  frogs,  birds  and  many  mammals, 
where  it  stops  short  of  the  end  of  its 
canaL  In  those  Vertebrates  with 
limbsy  the  cord  enlarges  where  the 
neryes  which  supply  them  are  sent  off ; 
these  are  the  cervical  or  thoracic,  and 
lumbar  enlargements,  especially  large 
in  turtles  and  birds.  The  white  and 
gray  substance  of  the  bndn  continues 
in  the  cord. 

Aa  the  most  essential  characteristic 
of  Vertebrates  is  the  internal  skeleton 
(endoskeleton)  we  will  enter  more  into 
detail  in  describing  it,  and  afterwards 
notice  the  external  skeleton  (exo- 
skeleton).  coS^of^T^.  ""i.  tSS 

In  the  embryosof  higher  Vertebrates  S^i^rV^iibST^crreSv^.^ 
and  in  the  adult  lancelet,  hag-flsh  and  hcmfapheres ;  <?,  optic  iob«8 ; 

'       ^     ,  a,  cereDeilain  in  toe  lorm  of  a 

lamprey,  the  yertebral  column  is  rep-  i*nL«iJ»  bridging  over  the 

'^^   V  ,_  J  i«t_  •     /      ^     r    ^- fourth  ventricle  (*);  m,  flpinal 

resented  by  a  rod-like  axis  (notOChord  cord ;  ^  terminal  cord.-After 

or  chorda  dorsalis)  which  ia  composed  ®**^^"- 
of  indifferent,  or  only  partly  organized  cells,  the  substance 
of  the  chord  resembling  cartilage.   These  chordal  cells  secrete 
a  membrane  called  the  chordal  shecUh.   Thenotoohord  is  not 


SH 


ZOO  LOOT, 


MpMnted.     In  all  Vertebrates  above  the  lamprq^j  theTOTt«^ 
bral  oalaxnn  gTt>w$  around   the   notochord,  whieh 


-^^S%" 


^Y^ 


w 


Fl6*  374. 


Ch^ 


Fl»*«7St. 


k  815. 


Fh*,  974— Transveree  pectioa  throngh  ttie  flplmt  cord  of  a  cftlf.  a,  ftnlMtor,  ii« 
posterior  loofltiidinal  flisure  ;  r,  central  caiml ;  d',  anterior,  «,  posterior  cornita ;  /, 
flubwuuitia  p^aUnosa;  g^  anlerior  colonm  of  mt  %vblt«  nobiftaow ;  A,  latatil,  i,  po*> 
terior  cotttmn  ;  k^  tranavrne  oomtDittntreii.— Afler  Qmabanr.  1 

Flg<  315.— Section  throaffh  ttfce  Yertebral  coJumn  of  Immocolea  (lAmpre;),  Clt  ao-  ] 
tocbord;  et,  ebofdal  itieatti ;  m,  aptnal  cbord ;  a,  aorta;  r.  valna^ 

Kiff.  8f7ift. — Section  throngh  tlie  tpioal  colamn  of  ayonn?  aalnMm,    CS!*  aoHM^bPtu  , 
r«,  coordal  sheath;  m,  aplud  chord ;  k^  superior,  lif,  lafenot  arch  (mdSnuaUrf) ;  a,  \ 
aoit* ;  r,  veloa.— After  Gegvnbatir. 

forms  the  central  portion  of  the  bodies  of  the  yertebne,  and  [ 
in  the  higher  Vertebratee  is  wholly  e&ced;  the  centra  or] 
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of  a  Yertebra 

rib(7),breul-bone 

, ^-ne;  8,  8,  fore  and 

oblique  prooessea ;  4,  tnunvene 
prooeaiea. 


ttabody^^, 
^1,  neual  ipine; 


Ixxliesof  each  vertebra  of  a  lizard,  bird  or  mammal  being 

solid  bona    Figs.  375  and  376  represent  the  relations  of  the 

notochord  in  an  adult  lamprey  and  a  yoong  fish. 
The  Tcrtetna  of  a  bony  fish 

or  higher   vertebniie    oonsists 

of  a  Mhf9  wUh  »  donal  or 

neural  qiine ;  %  poor  of  otiique 

processes  (jygqpaphy8e8)arching 

orer  and  enotosmg  the  spinal 

oord;  and  transverse  froeesses^ 

bending  downwaidn^  to  which 

the  ribs  are  articolatod  ;  certain 

of  the   thoracic   ribe  uniting 

with  the  sternum  or  fareast-bone 

(Figs.  377  and  378.) 
Vertebrso  like  those  of  fishes, 

which  are  hollow  or  ooncaye  at 

each  end,  are  said  to  be  amphiemhus;  those  hollow  in  front 

and  oonyex  behind  prodBlous,  as  in  most  toads  and  frogs 

and  crocodiles,  and  most  existing 
lixards,  and  those  conyex  in  front 
and  concave  behind  apisthocmlous, 
H>^ir-^M^T'  ^  as  in  the  garpike,  some  Amphib- 
ians (the  salamanders  and  cer- 
tain iowiB,  Pipa  and  Bombinator). 
Fto.  wu-Thortdc  Tortebm  of     ^^rtebratcs  never  have    more 

baJEaid(BiiteoTii]nrii).<;,  centrum  than  tWO  paiTS  of  limbs,  an  an- 
or  bodj ;  #.  aapertor  apinoiu  pro-   ,      .  j  /^»    j  •        xi.  i. 

oeaiVTr,  tnmsvorte  poceM :  io,  tenor  an^  hinder  pair ;  the  pecto- 
"^^'^l^i^  «J  pair  of  fins  of  fishes  represent 
^^'  the  fore  limbs  of  Amphibians  and 

higher  Vertebrates,  and  the  arms  of  man ;  the  two  ventral 
fins  represent  the  hind  legs  of  higher  Vertebrates,  and  the 
legs  of  man.  Each  pair  of  limbs  is  connected  by  ligaments 
and  muscles  to  a  girdle  or  set  of  bones,  called  respectively 
the  shoulder  girdle  and  pelvic  girdle,  each  girdle  being  con- 
nected by  muscles  to  the  vertebral  column.  The  shoulder 
girdle  consists  of  a  clavicle  (or  collar-bone),  scapula  (or 
shoulder-blade),  and  coracoid  bone,  usually  a  process  of  the 
scapula.    These  bones  differ  greatly  in  the  different  classes. 


F 


*<iaLOOT. 


m^^ 


r-^«Sir!?^  J^ -Slf  >"«  fi*^  or3 

M^r  4  •  ^'  P»»t  of  fiin«K-?  **•'  to  the  rf.J^.r"'*  "' 
'^^'^'--ti^I^^,  i^»J«^af  the  tSL^'^f^'- 


'^a*. 
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I  modification  in  form.    At  first  all  limba  arise  as 
idfly  in  which  the  skeletons  subseqaently  deyelop,  and 
life  the  limbs  of  all  Y ertebratea  above  Ihe  fishes  are 
dik^  the   med- 
ia   tddng   place 
before  birth.  Ac- 
to    Ctegenbaar 
era,  the  limbs  of 
atea   have   been 
f  derived   from 
boral  and  ventral 
fishes  in  which 
.-rays  are  irrela- 
speated.* 
10  fins  of  fishes 
a  simple  system 
age ;  in  the  limbs 
ler  air-breathing     p^  ^_^  rtmn;  a,  Tertcbr.: 

bIim.    formed    bv  •ndtf.itsconttiiiiaUpii  (aro«tyle>;/  snpraacap- 

sees,    xonueu    ujr  ^,^.  •     hmneniB;  A,  fore-ann  bones:  I,  wriut 

f  tax  Iftnd    a  com-  bones  (carpali  and  metac«rpmla) ;  d,  iliam  ;  m. 

f  on  lanu,  a  ouui  ^j^^^  \faSm') ;  m  U«bone?ulna) :  o,  elongated 

avatem  of   lever-  AtA  pair  of  anUe-bonee  ^tarsals) ;   p,  9,  foot 

'       .  bones  or  pbalanges.— After  Owen. 

fman). 

bead  of  all  Vertebrates  above  the  lancelet  is  supi)ortcd 
lie  or  less  perfect  cartilaginous  or  bone  f ramework^ 
U  (craniam),  or  brain-box  (Fig.  386).  It  isa  contin- 
of  the  vertebral  colnnm,  and  protects  the  brain, 
forming  the  support  of  the  jaws,  tongne-bone 
bone),  and  branchial  arches.  The  series  of  lateral 
1  or  branchial)  arches  varies,  bat  there  may  be  nine ; 
0t  anterior  (if  it  be  counted  as  the  first  one.  Fig. 
J,  c)  is  formed  by  the  labial  cartilages  {trabeculm 
;  next  oomes  the  mandibular  arch  {o,  n),  which  is  sue- 
by  the  hyoid  arch  (II.)  and  the  six  branchial  arches. 
embryos  of  all  Vertebrates  these  visceral  arches  are 

Ddified  fonn  of  this  theory  is  advocated  by  Balfoar  and  J.  K. 
r,  who  attempt  to  show  that  the  limbs  with  their  girdles  were 
from  a  aeries  of  similar  simple  parallel  rays,  and  that  they 
ginally  a  specialisation  of  the  continuous  lateral  folds  or  fins  of 
Mies,  and  probaUy  homologous  with  the  lateral  folds  of  the 
■oalt  (AaiphimrnigL 


woaioer. 


between  tbem»tbe 


fW.  9&--Htod  te  «r  A  iH-nl  Will— ti#ir.    TIm  dottad  Uom  ftrt  drttwn 

ivi  tac«ftlt„    Ite  tnt  row  of  phalaofM  u«  called  mrtarmri^  (in 

*'R?fei-]  ,  ^-^,  ^,-. 

Ifiar ;  C  JiM*  ;  i^  Alml* ;  t*^  apper,  n.  lower  plecM  of  the  U7»q4  ;  m,  melalanu ; 


e; /,  llba)*re;  e,  ctttralio;  1^ 


M«ii  from  In  troui ;  dil',  4^,  ^, 


I  of  the  foot  of  •  Bencfle  (Utud)  ^,  and  ui  vmbrro  bird,  B, 
r;  C  tiM*;  m  tbnUi;  to,  upper,  IL  Ifl  "  "    "  '  - 

I-Tj  aotelMwJiiof  the  ton. 

Flf  .  ffiB.'^Lof  of  the  Euxud  (BkCio  vic2^«ri4 
tftm^^tQvtatuvBt ;  ^«  tbe  Knepieoo  l«oti^  ' 
tlw  fcMu  dlgita  or  toM.~Aftier  Gqpnbttr. 

hi  the  Amphibia  and  higher  Vertebrates  forms  the  ear-p«Bft- 
tge,  while  the  other  slits  may  remain  opea  in  fiahesy  form 


i^ 


J 


;Wig  _skh!l  or  theLioii     «,  occJpit*!  condyle;  7,  Piirlet»l  bone  and  u^fltal 

''hi  :  S7^  •qummotNU  mme ;  27^  Myg>,imittic  ercli  ;   iS,  malar  tK)ne ; 

*.  post^rbitAl  pro«e»(>;  15.  iinaal  iMiiie;  £i,  maxltlary  hone;  ta, 

:  w.  majidible  ;  H,  occi|JllAi  cre»t ;  c,  canlnu  teeih  ;  /^,  awniuj  pre^ 

r ;  ff*/*  molar  ukiul— Aft«r  Owen, 

tain  whales  and  porpoises.  The  ba^  of  the  skull  is  perfo- 
mted  for  the  exit  of  the  nerves  proceeding  from  the  base  of 
the  brain,  and  the  hinder  bone  {ocvipul)  is  perforated  (fora- 
men magnum)  for 
the  passage  of  the 
gpinalcord  from  the 
medulla  obloiigjita. 
It  is  probable  that 
there  is  a  general 
parallelism  between 
the  head  of  InsL*cU 
and     Vertebrates. 

While    the    head    of  Fig,  887.— Sknll  rhA  vl^ctrftl  skeleton  of  a  SetaeMtm 

J    .  (dlaji^nii.    r^ ' ,  •M-rii>irAl  reji^ion:  /a,  wall  of  tlnj  Inby- 

Winged    insects,    for  nmh  •  f                       I  THizUm  ;  u,  xiA^ti]  pit  ;  rt,  AM,  b,  r» 

^     ,                 -    ,        #  pccoaa  ;ii                      o  ;  o,  fu  »erior,  yi,  iiilcrior  ji«»rli*ui 

example^  consists  of  m  ihc  f.. ,  irch  /. ;  // ,  hyoi<i  mxh ;  uL-  vuL 

a  certain  number  of  ^     ' 

segmentg,  homologous  with  those  of  the  rest  of  the  body, 
and  with  mouth-parts  homologous  with  the  limbs  ;  so  the 
skull  is  also  segmented,  and  \\\\  expansion  and  continuation 
of  the  vertebral  column.  Gegenbaur  even  nmintains  that 
the  various  arches  of  the  head  are  homologous  with  the  limbs. 


whiltthe  brain  of  tnseci^  i>  u  .'lugiej 
of  th^  rati  of  the  bodj,  the  dife^ 
Ik  hnun  of  Tertebnites  are  eoae 
;  still  the  diffeient  pairs  of  nei 
t  cf  the  bnuii  are  bomologoos  mi 
of  al  iatemb  comepotiding  to  miP 


d  tbe  eompdsitioii  of  the  skull 
Goeikc^  ud  of  Oven,  wiio  beliered  that  the 
boBf  fdm  md  iFpM^mfilg  vera  composed  of 
II  dhoaU  be  nocieed  thiit  these 
iiDflition  of  highly  epectalized  ver- 
Avat  m  itedjp  Iwnraftr,  of  the  more  grnemlized 
Uka  fndi  as  Hie  sfaark^j,  and  the  embno^    ' 
to  dilleraiil  groQpe>  the  old  ven 
oC  Am  jkd  Ihb  been  discarded,  and  the  view  of  Ue- 
i  bjr  StieoBkx,  is  probably  nearly  the  cor- 
rael  MCL    ^  iialea  by  Gegenbacr : 

U  ne  ikd  ii.  fwranMft  to  a  portion  of  the  vertebral 
•ntaiitii,  wkidi  eaatanw  at  leasl  as  many  Tertebral  segmeoti 
aa  tlifra  ara  braadiial  aidiesL  This  tiew  is  borne  out  by  the 
HaOofviag  fiacta : 

m.  Tkt  Bolodioffd,  vfaidi  forms  the  fonndation  of  the 
v^ftebtal  Dolimui,  paaaes  Uirongh  tlie  craniam  in  the 
fiamewayas  iipaaaes  throngh  the  vertebral  eolumti. 
All  the  fwrra  which  pa^s  out  of  the  base  of  the 
aknU  (or  thai  portion  trareraed  by  the  notocbord) 
ara  homologDiis  vith  the  spinal  nerves. 
The  differatice  between  the  skull  and  vertebral  col- 
nmn  consist  of  secondary  adaptations  to  certain  cou- 
ditions,  which  are  externa]  to  the  skull,  and  are 
partly  due  to  the  development  of  a  braiii, 

2,  The  skull  muy  be  ilivideil  iuto  two  regions,  a  vtrMral 
portion  and  an  anterior  everiebrnl  portion,  lying  beyond 
tlie  end  of  tlie  notochord. 

3.  The  number  of  vertobne  which  enter  into  the  forma- 
tion of  the  skull  are  nine  at  least  (according  to  Salensky,  in 
the  sturgeon,  seven) ;  tlie  exact  number  is  immuteriah 
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lu  the  lancelct  there  is  no  skull,  or  even  the  rudiments  of 
one  (unless  the  semi-cartilaginous  supports  of  t!ic  tentacles 
be  r^arded  as  such),  hence  the  Vertebrates  are  divided  into 
the  skuUess  or  acraniate  {Acrania,  represented  by  the  lance- 
let  alone)  and  the  skulled  or  craniate  {Cranioia),  the  latter 
leries  comprising  all  forms  from  the  hag-fish  to  man.  In 
the  Craniota  the  skulls  may  be,  according  to  Gcgenbaur,  di- 
vided into  two  groups.  In  the  hag  and  lamprey  the  noto- 
ehord  is  continued  into  the  baFe  of  a  small  cartilaginous 
capsule,  enclosing  the  brain,  and  which  represents  the  skull 
of  higher  Vertebrates  (Craniota).  This  capsule  behind  is 
continuous  with  the  spinal  column. 

With  the  skull  of  the  second  form  two  jaws  arc  developed, 
hence  all  the  vertebrates  above  the  hag  and  lamprey  form  a 
series  (Gnathostamata)  opposed  to  the  former,  or  Cyclos- 
tomaia. 

In  the  Gnathostomata  there  is  a  gradual  modification  and 
perfection  of  the  skull.  In  the  sharks  it  may  bo  quite  sim- 
ple and  cartilaginous ;  in  the  bony  fishes  it  is  highly  si>ecial- 
ized,  consisting  of  a  large  number  of  separate  bones.  In 
the  Amphibians  we  first  meet  with  a  skull  consisting  of  few 
bones,  easily  comparable  with  those  of  mammals ;  in  the 
reptiles  and  birds  the  ear-bones  are  external,  forming  the 
large  quadrate-bone  by  which  the  lower  jaw  is  articulated  to 
the  skull.  A  progress  is  seen  in  the  mammals  where  the 
quadrate-bone  becomes  internal— one  of  the  ear-bones  {mal- 
leus). Now,  also,  the  brain  Ucoming  much  larger,  evincing 
a  much  higher  grade  of  intellect,  the  skull  is  greatly  en- 
larged to  accommodate  the  great  increase  in  size  of  the 
cerebrum  and  cerebellum,  the  perceptive  and  reasoning  fac- 
ulties predominating  over  those  regions  of  the  brain  and 
skull  devoted  to  perceiving,  grasping,  and  masticating  the 
food. 

Though  not  properly  forming  part  of  the  skeleton  or  de- 
veloped with  it,  we  may  here  consider  the  teeth. 

The  teeth  of  Vertebrates  are  formed  from  the  modified 
epidermis  and  cutis,  or  dermis ;  the  former  secretes  the 
enamel  and  the  latter  is  changed  into  the  pulp  or  dentine. 
The  simplest  form  of  tooth  is  conical.  In  the  jawless  hag 
there  are  no  teeth  in  the  lips,  but  a  single  median  tooth  ou 


matOfTT 


Om  fakaBuc  s:Mi  two  mwM  €d  eamh-VikK*  tcvili  on  the  tougDi-. 
■b  Hm  lttfl|M|}J  ttl»  digit  €f  tilt  circular  mouth  »re  provided 
mtk  cimilir  itmi  ot  eof&icml  homv  teeth.     The  te«lh  o! 
U^ier  Vertebrmtas  mm  dcriTed  from  the  c^lls  of  the  mncooa 
Hifinlninrfi  ot  the  mocith,  which  is  formetl  of  conuectiTe  tib^ 
I  fvt  Si  veil  as  cpithelioBL     The  teeth  of  fishes  are  developixl 
not  aolr  ill  one  or  MSTefiil  roirs  in  tho  lip,  but  miiy  al^  ami 
tbe  boiiT  projeclioufl  into  the  mouth-caivity  of  the  palate, 
Tomev  and  pftrftsphenoid  bones  aud  the  hyoid  and  bran- 
chial  aiches.    In  tht  Ampbibta  teeth  survive  on  the  palatine 
and  Totnerine  booesy  moire  rarelv  on  the  ]iarasphenoid  ;  among 
tbe  repdle^^  tbe  snakes  and  Uzarda  alone  have  teeth  on  the 
paktine  and  pterygoid  bones,  while  in  the  crocodiles  and  ia 
1  tbe  leeth  are  confined  to  the  maxillary  bone^.     In 
'tliegeekos,  snakes  and  tlie  crocodiles,  a^  well  a£  the  mam- 
ttialfl,  tbe  teetb  afe  inaerted  in  sockets  (alveoli)  of  the  jaw. 
(Gegenbanr,) 

In  certain  extinct  birds  (OdontornUhes)  there  were  teeth 
in  t!ie  jaw%  though  all  existing  birds  are  toothless.     It  is 

said  that  rudimentary 
teeth  were  found  by 
Geoff  roy  St.  Hi  Lai  re  in 
the  jaw5  of  a  parrot 
Blanchard  afterwards 
found  the  germs 
teeth  there^  thoui 
they  never  coi 
through.  In  the  Ms 
maid  the  teeth  are  • 
The  ferentiated  into  im 
sors,  canines,  pret 
lars  and  molars  (Fij 
383).  In  descriptive  anatomy  the  teeth  are  for  conveniens 
expressed  bj  a  formula,  the  number  of  teeth  of  tho  ap|: 
jaws  being  jdaced  like  the  numerator  of  a  fraction,  and  tliG 
of  the  lower  jaw  like  the  deuominiitor,  the  initials  of  ' 
names  of  tlie  teeth  being  placed  before  the  figures,  th| 

tbo  dental  formula  of  man  is  ^^^-^^  ^  r—^  *  ^  ij^S'  '^ 


fk.  Va— IVeth  of  Uitt  Tftrauniu  d«f11. 
-*^^^  ttK  ftita»Ai»d  la  froDC  of  tlic  lam  eonicul 
2,  a  prvnolmn;  M,  1-4,  mr  1 


r  molAT 


tntb.— After  Owvn. 
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Id  the  fishes.  Amphibians  and  reptiles,  the  worn-out  teeth 
ire  replaced  by  a  t  accession  of  new  ones  ;  in  mammals  (ex- 
cept cetaceans,  where  there  is  no  change)  there  is  but  a  single 
change,  the  first  (milk)  teeth  being  replaced  by  a  second  set 
of  permanent  teeth.  The  teeth  of  the  lower  Vertebrates 
are  shed  while  swallowing  the  food.  In  the  boa  (Python) 
the  teeth  thus  shed  are  found  scattered  along  the  intestinal 
canal  and  arc  discharged  with  the  remnants  of  the  food 
(Wyman). 

The  dermal  or  exotfJceleton  consists  of  the  scales  of  fishes, 
reptiles  and  certain  mammals,  such  as  the  armadillo,  the 


Fig.  884.— Vertical  section  through  the  ekin  of  an  embryonic  nhark.  C,  corinra  or 
dermiA ;  c,  c,  c,  Uyers  of  the  corium ;  d,  uppermoflt  layer  ;  p,  papilla  ;  E,  epidermis ; 
«,  its  layer  of  columnar  cells ;  o,  enamel  layer.— After  Gegenbaar. 

feathers  of  birds  and  the  hairs  of  mammals.  Most  scales 
arise  from  dermal  papillsB  (Fig.  384,  /?),  and  are  covered  over 
by  a  layer  of  enamel  (Fig.  384,  o)  developed  from  the  epider- 
mis ;  so  that  the  scales  of  sharks  and  rays,  and  turtles, 
arise  from  both  the  dermis  and  epidermis. 

A  hair  or  feather  is  a  modification  of  a  scale  ;  the  papilla 
is  sunken  in  a  pit  of  the  dermis,  the  conical  cap  of  epi- 
dermis arising  from  it  ultimately  forming  the  hair  or  feather. 
The  plates  of  turtles,  the  scales  of  snakes  and  lizards,  and 
feathers  of  birds  are  epidermal.  In  the  horns  of  mammals, 
as  of  the  rhinoceros,  and  the  hoofs  of  the  horse,  the  epi- 
dermal substance  is  jx^netrated  by  numerous  long  dermal 
papillae. 
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of  the  ^tniffeon,  garpike,  and  of  other  ganoitl 
bj  salid  dermal  bones,  and  the  shells  < 
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tutlBS  am  demal  structures 

The  color  of  llie  skin  of  Ven^bmtcs  is  due  to  pigmeni 
gnaoloB  siltuied  either  in  the  epidermis  or  dermis,  and  m 

the  chsimeleon  thcj 
are  contained  iu^^iecial 
Facs  (chromatuphore*f 
which  arc  under  tb^^ 
control  of  the  nenoua 
system. 

The  mu^uldir  sysiem 
of    Vertobrutca    arises 
from  the  middle  gei 
Uyer  (mesoderm), 
'*^'?^X  '1  the  germ  the  muscl- 

priiDOij  Mgments  indicated  by  the  protoTeriebne,  while  in 
thoidliltsof  tiJ...^  and  certain  salamanders,  the  mnsen 
ijVleDi  is  ^L  segmented,  corresponding  to  the 

mentation  of  ii^v  ver* 
tebrml  column,  the 
four  latend  trunk- 
muscles  being  diride<] 
into  a  numWr  of  Rag- 
men ts  bv  tendinous 
bands,  which  eorre* 
»pond  in  number  to 
the  vertebra  (Gegen* 
baur). 

The  eye  in  Verte- 
tsrates  in  it5  develop- 
mental history  lielongs 
to  a  different  tyj>e  of 
etmctun*  from  that  of 
any  iu\ertebnite.$»  tm 
leas  it  be  the  larval 
1^  Aacidians,  for  in  both 
ia  be  dire(nly  developed  fmm  the  ectoderm,  hut  from 


types  the  eye  18  aaid  by  Gegenbaur  nt 
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anterior  portion  of  the  central  nei'vous  system.  The  diifer- 
ence  between  the  highly-developed  eye  of  a  cuttle-fish  and 
a  bony  fish,  for  example,  consists  in  the  fact  that  the  rods 
and  cones  (similar  to  those  of  the  invertebrate  eye)  forming 
a  layer  (the  bacillar  layer)  behind  the  retina,  are  in  the  ver- 
tebrate eye  tamed  away  from,  while  in  the  invertebrates  they 
are  directed  toward  the  opening  of  the  eye. 

The  ear  of  Vertebrates  is  at  first  a  primitive  otocyst,  or 
ear-vesicle,  which  is  gradually  cut  off  and  enclosed,  forming 
a  cavity  of  the  skull.  As  we  rise  towards  the  miimmals,  the 
ear  becomes  more  and  more  developed  until  the  inner. 
Middle,  and  outer  ear  is  formed ;  the  Eustachian  tube  being  a 
modification  of  the  first  branchial  cleft,  forming  the  spiracle 
in  the  sharks  {Sektehit)  and  Ganoids. 

In  the  lancelet  a  head  is  scarcely  moi*e  set  apart  from  the 
rest  of  the  body  than  in  many  invertebrates.  In  the  fishes 
and  Amphibians  the  head  is  not  separated  by  a  neck  from 
the  trunk  ;  in  reptiles  the  neck  begins  to  mark  off  a  head 
from  the  thorax,  while  in  the  birds  and  mammals  the  head 
is  clearly  demarked,  the  degrees  of  cephalization  and  trans- 
fer headward  of  those  features  subordinate  to  the  intellec- 
tual wants  of  the  animal  becoming  more  striking  as  we 
ascend  through  the  mammalian  series  to  the  apes,  and  finally 
man. 

The  development  of  Vertebrates  can  scarcely  be  epitomized 
in  a  few  lines.  The  mode  of  growth  of  Amphioxus  is  a 
general  expression  for  that  of  all  Vertebrates,  for  all  develop 
from  fertilized  eggs,  which  undergo  total  or  partial  segmen- 
tation of  the  yolk,  become  three-layered  sacs  and  assume  the 
peculiar  vertebrate  characters,  the  development  of  tlie  mam- 
mals differing  from  that  of  the  other  classes  only  in  compar- 
atively unimportant  features. 

The  Vertebrates  are  divided  into  two  series  or  sub-branches: 
the  Acrania  and  Craniota  ;  the  former  type  is  represented 
by  but  a  single  genus,  order  and  class,  the  lancelet  or  Aju- 
phiaxus.  The  sub-branch  Craniota  is  divided  into  six  class- 
es, the  Marsipobranchs,  fishes,  amphibians,  reptilia,  birds 
and  mammals. 
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CutsB  L  LBFiocAmDii  (LaHCtflM). 

The    Uncelei  id   the  only  type  of  this  cUss.    From  tbi 
wonn-like  form  it  vus  n?gardi3d  as  a  worm  by  some  authors. 
imd  us    II    tnollusk    (''Ltma^**)  by 
Pyiaa*    The  body  is  four  or  five  eea- 
timctres    in    length,   slender,  com- 
presBcd^  pointed  sit  each  end^  Uuncc 
ilio  f^cnerlc  name  {Amphwxuit,  autpi^ 
hinh,  €i£vi,  sharp)*  the  hcad-cnci  be- 
ing   thin^  c<»niprL*ssed.     The  muscu- 
lar   eegraent^    are    distinct    to    the 
ludicHl  eye.     From  the  montli  to  llio 
vent  is  a  deep  ventral  furrow,  and 
a  slight  6n  extends   along  the  back 
iWih      Hi'  ^-       ^^^  ventrally  as  far  front  as  the  veat 

|l>lf  lll\    I  I  '^^^  lancelet,  J.  lanceohUu4t  (Pal- 

]as)»  live«  in  i^and  just  liclow  low- 
water  mark,  ranging  on  onr  coast  frtrin 
the  mouth  of  Cliesapeako  Bay  to 
Florida  ;  it  aUo  occurs  on  tlie  South 
American  coast,  and  in  the  European 
^«tas  and  the  East  Indies,  the  gi)eciei 
being  nearly  eoismopoUtan. 

As  this  ia  the  lowest  Vertebrate,  iti 
structure  and  m«xic  of  development 
merit  careful  8tudv. 

The  mouth  is  oval,  surrounded 
with  a  cin*le  of  ciliated  tentacles 
supported  by  gcmi-<*ai'  i^  pro- 

cei*ses  arisiiig  frt»ni  a  c :  a  I  ring. 

The  mouth  leads  directly  into  a  large 
broad  phar}*nx  or  *M>ninchial  mw" 
(Fig.  387,  d),  protected  tit  the  en- 
trance by  a  nttmber  of  minnto  cili- 
uted  lobes. 
The  walls  of  thii^  fi\w  an^  ]KTf orated 
by  long  ciliated  sllta^  compamble  with  thotse  of  tho  bran* 
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chial  sacs  of  Ascidians  and  of  Balanoglossus.  The  water 
which  enters  the  mouth  passes  out  through  these  slits  where 
it  oxygeuates  the  blood,  and  enters  the  general  body-cavity, 
thence  passing  out  of  the  body  through  the  abdominal  pore 
(Fig.  387,  c).  The  pharynx  leads  to  the  stomach  (e),  with 
which  is  connected  the  liver  or  coecum  (/).  There  is  a 
pulsatile  vessel  or  tubular  heart,  beginning  at  the  free  end 
of  the  liver,  and  extending  along  the  underside  of  the  phar- 
ynx, sending  branches  to  the  sac  and  the  two  anterior  branches 
to  the  dorsal  aorta.  **  On  the  dorsal  side  of  the  pharynx  the 
blood  is  poured  by  the  two  anterior  trunks,  and  by  the 
branchial  veins  which  carry  away  the  aiirated  blood  from 
the  branchial  bars,  into  a  great  longitudinal  trunk  or  dorsal 
aorta,  by  which  it  is  distributed  throughout  the  body." 
(Huxley.)  There  are  also  vessels  distributed  to  the  liver, 
and  returning  vessels,  representing  the  portal  and  hepatic 
veins.     The  blood-corpuscles  are  white  and  nucleated. 

The  vertebral  column  is  represented  by  a  notochord  which 
extends  to  the  end  of  the  head  far  in  front  of  the  nervous 
cord  ;  and  also  by  a  series  of  small  semi-cartilaginous  bodies 
above  the  nervous  system,  and  which  are  thought  to  repre- 
sent either  neural  spines  or  fin-rays.  The  nervous  cord  lies 
over  the  notochord  ;  it  is  not  divided  into  a  true  brain*  and 
spinal  cord,  but  sends  off  a  few  nerves  to  the  periphery,  with 
nerves  to  the  two  minute  eye-spots.  There  arc  no  kidneys 
like  those  of  the  higher  Vertebrates,  but  glandular  bodies 
which  may  serve  as  such.  The  reproductive  glands  are 
square  masses  attached  in  a  row  on  each  side  of  the  walls  of 
the  body-cavity.  The  eggs  may  pass  out  of  the  mouth  or 
through  the  pore.  Kowalevsky  found  the  eggs  issuing  in 
May  from  the  mouth  of  the  female,  and  fertilized  by  sper- 
matic particles  likewise  issuing  from  the  mouth  of  the  male. 
The  eggs  are  very  small,  0  •  105  millimetres  in  diameter.  The 
eggs  undergo  total  segmentation,  leaving  a  segmentation- 
cavity  which  becomes  the  body-cavity. 

The  blastoderm  now  invaginates  and  the  embryo  swims 
about  as  a  ciliated  gastrula.  The  body  is  oval,  and  the  germ 
does  not  differ  much  in  appearance  from  a  worm,  starfish, 

*  Laogerhans  Iim  figured  an  olfactory  lobe;  and  all  obaervera  agree 
*'•!  aTentriclv  is  preaent  ;  thus  tliere  '\t>  a  f^ligUl  approximation  to  a 
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Class  II.  Marsipobbanchii  {Lampreys,  or  Cydostomi). 

General  Charaotera  of  the  Cyolostomatons  Vertebrates. 
— lu  the  hag-fish  and  lamprey,  representatives  of  the  jaw- 
less  Vertebrates,  the  body  is  long  and  slender,  cylindrical, 
the  skin  smooth,  scaleless,  with  only  a  median  dorsal  and 
ventral  fin  (or  in  Myxine  only  a  small  lower  median  fin) ; 
the  mouth  is  circular,  and  in  the  lampreys  armed  with  nu- 
merous conical  teeth.  There  is  no  bony  skeleton ;  the 
spinal  column  is  represented  simply  by  a  thick  rod  (dorsal 
cord,  notochord)  surrounded  by  a  sheath.  The  skull  is  car- 
tilaginous, not  movable  on  the  vertebral  column ;  is  very 
imperfectly  developed,  having  no  jaws,  the  hyo-mandibu- 
Jar  bones  and  the  hyoid  arch  existing  in  a  very  rudimentary 
state.  The  few  teeth  present  in  the  hag-fish  are  confined  to 
the  palate  and  tongue  ;  those  of  the  lamprey  are  numerous, 
conical  and  developed  on  the  cartilages  supporting  the  lips. 

The  nervous  system  is  much  as  in  the  fishes^  the  brain 
with  its  olfactory,  cerebral  lobes,  thalami,  optic  lobes,  and 
medulla  being  developed,  the  cerebellum  in  Myxine  blended 
with,  in  the  lamprey  free  from  the  medulla.  The  digestive 
canal  is  straight,  with  no  genuine  stomach,  but  the  liver  is 
much  as  in  higher  Vertebrates.  The  respiratory  organs  are 
very  peculiar,  being  purse-like  cavities  (whence  the  name 
Mar8xpohranchii)y  in  the  lamprey  being  seven  in  number  on 
each  side  of  the  pharynx,  opening  externally  by  small  aper- 
tures ;  internally  they  connect  with  a  long  cavity  lying  under 
the  oesophagus,  and  opening  anteriorly  into  the  mouth.  The 
heart  is  like  that  of  fishes,  as  are  the  kidneys.  The  eyes 
are  minute,  sunken  in  the  head  and  under  the  skin  in  the 
hag  (Myxifie),  but  larger  in  the  lamprey. 

Another  extraordinary  feature  in  the  class  is  the  single 
nasal  aperture,  as  opposed  to  the  two  occurring  in  all 
higher  Vertebrates.  The  aperture  leads  to  a  sac,  which 
in  the  Myzifie  communicates  with  the  mouth  (pharynx),  but 
in  the  lamprey  forms  a  cul-de-sac. 

The  ovaries  and  male  glands  (the  sexes  being  distinct)  are 
unpaired  plates  suspended  from  the  back-bone,  and  have  no 
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dacis,  the  eggs  breaking  through  the  walls  of  the  ovmy, 
ing  into  the  nbdommal  euvity  and  passing  out  of  the  ftbdooi' 
inal  f>ore.     The  eggs  of  MtfxiHe  are  very  large  in  proportii 
to  the  fish,  enclosed  in  a  horny  shell,  with  a  filament  at 
end  by  which  it  may  adhere  tu  objects. 

The  hag-fisii  is  about  afoot  long  and  an  inch  thick, 
the  head  small^  a  median  palatine  tooth,  and  two  comb-like 
rows  of  teeth  ou  the  tongue.    There  is  a  single  gill-open] 
a  long  way  behind  the  head;  there  afe   large   mucous 
filime-glands  on  the  side  of  the  body,  for  these  fishes 
very  slimy.     The  hag  lives  at  considerable  depths  in  the 
we  have  dredged  one  at  114  fathoms  in  soft  deep  mud 
Cape  Ann.     It  is  often  parasitic,  attiujhing  itself  to  the 
iea  of  fish,  and  has  been  found  to  have  made  it^  way  into 
body-cavity  of  sturgeons  and  haddock. 

The  lamprey  lives  both  in  fi*esh  and  salt  water.  The 
of  the  common  lamprey,  Petromyzon  mnrinun  (Linn^)i 
laid  in  ejirly  springs  the  fish  following  the  shad  up  the  rivefi, 
and  spawning  in  fresh  water,  seeking  the  sea  in  autumn ; 
small  individuals,  fi-om  five  to  seven  inches  long,  have  been 
seen  by  Dr.  Abbott  attached  to  the  bellies  of  shad^  duekiBg 
the  eggs  out  of  the  oviducts. 

The  lamprey  when  six  inches  long  is  quite  unlike  theaAlult, 
being  blind,  the  eyes  being  concealed  by  the  skin  ;  it  is  tooth- 
less,  and  has  other  peculiarities.  It  is  so  strangely  unlike  the 
adult  that  it  was  described  as  a  different  genus  {Anifnocmies). 
P,  nigricans  Lesueur  is  smaller,  and  occurs  in  the  lakes 
New  York  and  eastward*  while  P,  niger  Bafinesquo  it  5 
amallery  and  lives  in  the  Western  States, 
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Worm-liies  V^rUsbrates,  withoiU  paired  fin*  r  naioekord  p^rtitUnt ;  9 
dn^  naml  mc,  tix  or  ton  pairt  of  pur$e-tik^  ffiU-MCM^  nojatf^nM, 

^Qrdtrl.  Ilj/perotHra.  —  ytkm}  duct  leading  Into  the  moutli. 

3.  liifperMiriitt.^Smm,]  iluci  a  bUod  «iu:,  noi  ooaD<?ctiaf 
tli«  iiiouiIl     (Petromjion.) 
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Lsk^fOiibf^  Wiffk. — The  luiatom^  of  the«e  anlmftls  is  exceedingly  in- 

King:  the  reepifBtOTj  mcb  and  oa^l  duct  can  b«  exposed  by  a  Ion* 

^SttndiiULl  fiection  of  tbe  1it*ad  ;  the  reUtinnfl  of  the  notocbord  can  be 

Iteilieen  by  transverse  Bections  ;  the  heart  and  vessels  should  be  in- 

JfTtsd.    PrepaiatioDB  of  the  bndQ  should  be  mode,  and  with  care  the 

ikdll  pfepared. 


Class  III-  Pisces  {Sliarkz^  Rays^  SUtrgtom,  Garpikes,  and 
bony  Jishes). 

General  Characters  of  Flslies. — We  now  come  to  Verte- 
hrates  which  liave  geimirie  jaw-bones  and  paired  fins,  and 
which,  in  short,  are  affiliated  to  tlie  Patrachians,  ami  through 
Uiem  with  the  reptiles*  birds,  unrl  miimiTuils.  All  the  fishes 
agree  in  having  a  true  skulL  to  wliich  la  attached  a  movable 
iower  jaw.  The  brain  is  well  develoi>ed,  with  its  lobes  for 
the  most  part,  at  leaat,  et^uivaleiit  to  or  homologous  with 
tho§e  of  the  reptiles,  birds,  and  mamniak,  though  the  cere- 
^bral  hemispheres  are  small,  und  in  most  fishes  of  nearly  the 
^namesize  as  the  optic  lobes ;  the  cerebellum  is  also  generally 

}     of  mod 
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of  moderate  size.  The  head  forms  part  of  the  trunk,  there 
Mr\^  no  neck  (except  in  the  IUpporampidaf),  and  tiie  body 
\^  lunally  compressed  and  adapted  in  sbnpe  for  rapid  motion 
in  the  water. 

Paired  fins  are  always  primitively  developed,  though  the 
posterior  or  ventral  fins,  at  least,  are  in  many  cases  wanting 
through  the  atrophy  of  parts  develo|>cd  in  embryonic  life. 
The  pectoral  and  ventnil  fins  (Fig.  38H),  which  represent  the 
fore  and  hind  legs  of  higher  Vertebrates,  arc  attached  to  the 
body  or  trunk  by  a  shoulder  and  pelvic  girdle.    The  shoulder 
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girdle  is  either  lyre^shapcd  or  forked,  like  a  bird's  wis 
curved  forward,  and  with  each  side  connected  Jielow ;  tlie 
fishes  in  this  respect  differing  from  the  Batrachmns  (OfDji 
The  shoulder  girdle  is  usually  closely  connected  hy  a  mm 
of  intervening  bones  with  the  skull,  and  mak^  \U  flnta^ 
pearance  opposite  the  interval  between  the  second  and  ihirf 
vertebne. 

Tlio  skull  and  skeleton  mayl)e  either  cartilaginous  or  bonj^ 
and  the  bones  of  the  head  and  skeleton  very  ntimeraniw  b 
some  Kharks  there  are  3C5  vertebrie  ;  in  some  Imiuv  fiAhea  SOft 
while  in  the  Plertognathi  (fishes  like  the  sun-fishos  nud  Bi» 
listcs)  there  may  be  no  more  than  fifteen  :  thus  in  tfim 
fishes  there  may  be  about  one  thousand  eeparato  bone^  K<> 
fishes  have  a  well-defined  sternum  or  brea^t-WiOP,  t\m  bow 
appearing  lor  the  first  time  in  the  Bati-achians.  'Hie  Yflrt^ 
bne  are  almost  always  biconeave  ;  this  is  the  simplest,  nMl 
primitive  form  of  vertebrae ;  it  forms  a  weak  articuUti'nif 
admitting,  as  Marsh  states,  of  free,  but  limits  motion* 

All  fishes  breathe  by  gills,  which  are  supported  geoenUf 
on  four  or  fi\^  cartilaginous  or  bony  supports  or  arches^  Tta 
gills  are  never  purse-shaped,  as  in  the  lampreys,  and  iW 
mostly  situated  within  the  head,  in  front  of  the  scapular atdt 

The  mouth  is  generally  armed  witli  teeth  varying  g^^s^ 
in  nnmlier  and  form,  and  in  the  bony  fishes  especially,  oot 
only  tlie  jaws,  but  any  bony  projections,  8iich  a«  the  palAtilM) 
pterygoid  and  vomerine  bones,  as  well  as  the  tongue  and 
ryngeal  bones  may  be  armed  with  teeth,  so  that  th©  ft 
reUiined  in  the  mouth  and  more  or  less  torn  and  iTnah. 
fore  being  swallowed,    ' 

Fish  have  in>  sidivary  glands.    The  tongne  mou's  onl 
a  part  of  the  hyoid  apparatus  upon  which  it  is  attachi 
Aft^tr  being  crushed  and  torn  in  the  month  the  focHi 
through  a  short  throat  or  (psophagus  into  the  stomach. 
intestine  is  generally  provided  at  the  anterior  ood  vii 
several  or  numerous  ececal  appendages  which  are 
abundant  in  the  ood.     The  gut  is  twisted  once  or 
fore  reaching  the  vent,  but  is  usually  much  ghoricr  than 
the  air-breathing  Vertebrates,  white  the  vent  is  plaoed 
nearer  the  mouth  than  in  the  tailed  AmphibiaDa*  Ikiia 
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rating  the  trunk  into  a  thoracic  and  caudal  portion.  To 
make  up  for  the  short  intestine,  its  absorbing  surface  is 
jfTBfttiy  increased  in  all  except  the  bony  fishes  by  a  peculiar 
fold  called  the  ''spiral  yalve."  The  rectum  always  opens  in 
front  of  the  urinary  and  genital  outlets  ;  except  when  the 
latter  communicate  directly  with  the  rectum,  thus  forming 
a  cloaca.  All  fishes  have  a  well-developed  liver,  usually  a  gall- 
bladder, with  several  gall-ducts ;  and  in  general  a  yellowish 
pancreas. 

The  heart  consists  of  a  ventricle  and  auricle,  the  latter 
branchial  with  a  venous  sinus  {sinus  venosus) ;  while  to  the 
ventricle  is  added  an  arterial  bulb,  which  subdivides  into  five 
pairs  of  arteries,  one  for  each  gill-arch.  The  Dipnoi  ap- 
proach the  Amphibians  in  the  possession  of  a  second  auricle 
as  well  as  of  genuine  lungs,  i.e.,  cellular  air-sacs.  The  lungs 
are  fundamentally  comparable  with  the  air-bladder  or  swim- 
ming bladder.  It  is  generally  situated  below  the  back-bone, 
and  is  developed  originally  as  an  offshoot  of  the  oesophagus. 
It  is  either  free,  not  connected  with  the  digestive  tract,  or  its 
original  attachment  may  be  retained  in  the  form  of  tho 
''pneumatic  duct,"  which,  when  persistent,  opens  into  the 
cesophagns.  In  the  sharks  it  is  either  absent  or  exists  in  a 
rudimentary  state. 

The  kidneys  are  two  voluminous,  dark-red  lobulated  or- 
gans^ lying  close  together  next  to  the  back-bone,  behind,  t.  e., 
above  the  air-bladder,  and  occupying  nearly  the  whole  length 
of  the  abdominal  cavity.  The  efferent  ducts  (ureters)  either 
pass  along  in  front  of  or  by  the  side  of  the  kidney,  and  some- 
times unite  to  form  a  single  sac,  the  outlet  of  which  is  situ- 
ated either  behind  or  below  the  generative  orifice.  It  has 
been  found  that  the  minute  structure  of  tlie  kidneys  of  em- 
bryo sharks  resembles  somewhat  the  segmental  organs  of 
worms,  the  original  kidney  being  composed  of  bundles  of 
ciliated  funnels,  like  those  of  worms,  combined,  however, 
with  Malpighian  bodies  and  renal  lobules  which  do  not  exist 
in  worms,  while  all  these  parts  have  a  common  duct,  the 
nreter,  which  also  does  not  exist  in  worms,  being  character- 
istic of  Vertebrates. 

In  the  fishes  the  sexes  are,  with  a  very  few  exceptions,  dis- 
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i  QL  moal  fislies  tre,  except  in  Uio 
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in a  weroseopie  examimUiou.    In  th« 
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;  a  hiMieeiignnir  or  ''closed,'*  i.  #.,  well* 
» IrfSp  ai  tilt  buds  and  mamntala,  for  the  form 
if  tha  body  b  liaUs  to  giaal  variation,  the  differences  be- 
i  Ite  safcdivifligaf  «r  ssdariv  faaiilieH  and  genera  being 
'  than  in  fctwfa  and  maminali 
na  dasB  is  divided  inta  three  sabdlssses,  vtz.  :  the  Sbu* 
wiirawirfaV  (diarica  and  ravis),  the  GmmnM  (stn^eons,  gir- 
pikaa,  di^),  and  tlie  nkt^M^  or  bonr  ftahes*  The  elaaiifl- 
cation  we  adopt  is  that  of  Vtot&a»*T  Gill. 

Sabcdaas  1*  TlasiiiiiTiium  tiii  {SfiaeAmm^  or  Sharks  and 
iSsjrs). — ^These  are  the  most  generaiixed  as  well  as  among  the 
oldest  of  aU  fidies.  In  some  nsspects  they  Ftand  above  the  bonj 
ftshesy  with  some  features  antici|mtiug  the  Amphibians,  while 
in  their  cartihiginoiis  skeleton,  tbeir  numerous  gill-openings^ 
and  their  general  appearance  they  are  scarcely  higher  than  the 
embr}08  of  the  bony  fishes.  It  would  eeem  as  if  a  shark  weie 
an  embryo  fish,  which  had  been  hurried  by  nature  into  exist- 
ence with  some  part^  mow  perfect  than  othen^,  in  onler  to 
igrf  e  in  the  Upper  Silurian  ajid  Bevoninn  times  as  destructive 
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agentfij  to  the  types  of  invertebrate  life  which  then  became 

extinct,  partly  through  their  means.    These  and  ganoid  fishes 

bviDg  thus  accomplished  their  work  were  replaced  in  the 

kter  ages  by  more  highly  elaborated  and  specialized  forms, 

i#.,  the  bony  fishes.     Sharks  and  skates  are  engines  of  de- 

itruGtion,  haying  been  since  their  early  appearance  in  the 

Upper  Silurian  age  the  terror  of  the  seas.      Their  entire 

ttructure  is  such  as  to  enable  them  to  seize,  crush,  tear,  and 

rapidly   digest  large  inyertebrates,  and  the  larger  marine 

members  of  their  own  class.     Hence  their  own  forms  arc 

gigantic,  soft,  not  protected  by  scales  or  armor,  as  they  have 

in  the  adult  form  few  enemies.     Hence  they  do  not  need  a 

high  degree  of  intelligence,  nor  special  means  of  defence  or 

protection,  though  from  their  activity  the  circulatory  system 

is  highly  developed. 

In  the  general  form  the  sharks  are  long  and  somewhat  cylin- 
drioal,  with  the  head  rather  large,  often  pointed,  sometimes, 
in  in  the  hammer-headed  shark,  extraordinarily  broad,  with  a 
capacious  mouth,  situated  in  the  under-side  of  the  head. 
The  body  tapers  behind,  and  the  caudal  portion  is  unequally 
lobed,  the  upper  lobe  being  much  longer  than  the  lower, 
upturned  and  supported  by  a  continuation  of  the  vertebral 
column,  while  the  tail-fins  of  bony  fishes  are  equally  lobed 
and  consequently  called  homocercal ;  those  of  sharks  are 
unequally  lobed,  and  are  therefore  said  to  be  heterocercal.  In 
this  respect  they  resemble  an  early  stage  in  the  development 
of  bony  fishes,  such  as  the  trout  or  herring.  Sharks,  like 
bony  fishes,  have  two  pectoral  and  generally  two  ventral 
•  fins ;  these  two  pairs  of  fins  corresponding  to  or  homologous 
with  the  limbs  of  air-breathing  Vertebrates,  and  besides  this 
there  is  one  or  usually  two  dorsal  fins,  and  an  anal  fin,  the 
latter  situated  behind  the  vent. 

The  skin  is  either  smooth  or  covered  witli  minute  plaeoid 
scales  (see  Fig.  385)  ;  the  integument  of  such  species  as 
are  provided  with  these  fine  scales  forming  shagreen.  While 
the  spinal  column  is  in  the  sharks  usually  cartilaginous,  and 
easily  cut  with  a  knife,  there  are  different  grades  of  devel- 
opment from  certain  forms,  as  the  Chimaera,  to  a  well-marked 
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oahnttmar  BOflifls  of  biconcave  vertebrae,  wilU  the  cariila^e 

fwi  wphctsd  bT  bone,  forming  rmliating  leases  or  platen; 

vfaOr  in  tk©  my*  or  skatets  tbe  anterior  iiari  of  the  is>Uinin 

19  booT. 
Tbi»  ribs  an)  smflll,  sometimes  mdimentai'T.     The  skull  is 

nriimftitiiT  without  membrane-bone^,  embryonic  in  clm^ 
ling  a  5^)mp1e  cjirtilaginous  brain-box,  without  pn^ 
or  maxillary  bones,  the  constitution  of  the  jiiwsbi*- 
\  tmlike  that  of  the  bony  fishes,  the  jaws  being  formed 

of  riiieaitg^  t.  r,,  **  cartilaginous  i-epresentatives  of  the  pri- 

wmy  pohloqttiidimt^areh  and  of  MeckeFs  e4U'tUage.''    (Hui* 

Tbefifr  mm  no  oporonbr  bones  such  as  cover  the  gill-open- 
ti^  in  homy  fisbea^  their  place  being  taken  by  c^tilaginoQS 


-  Hie  ncmtb  k  armed  in  ino?t  sharks  with  numerous  diarp, 
AMmm^  ron'ical  teeth,  arranged  in  tmnsvei^e  rows  and 
pointiiig  Kaekimr^  \  they  are  never  fixed  in  dockets,  hut 
iwbeilded  In  iht  mcKHJiis  membrane  (»f  the  upper  and  utidit 
ja»i;  In  the  IIel»nidoiitidie«  represented  by  Cesirarw»  or 
I\Hi  Jm^k»m  diark.  the  teeth  are  much  blunter  than  in 
otber  Krimg  abarks,  the  middle  and  hinder  teeth  having 
bgaiJ»  flat  taped  cittvus^  forming  a  pavement  of  rt>uiuliHl 
treih,  Tb«e  IVvimian  sharks  were  in  most  euseg  like  Ui<? 
OetirmciPH  in  this  re^spect  In  the  Carboniferous  age.  Eharks 
with  lerth  more  like  thoee  of  modem  forms  caine  into  es- 
iSleBOa ;  and  Ibev  mvst  have  been  of  a  more  active  nature, 
^abuplaeUi  direeted  backwai^d  indicating  tlio  rapacity  of 
tbcae  laonslerit,  which  darting  after  and  seizing  their  prey 
itwe  enablfd  to  retain  it  by  the  backward-pointed  teeth'; 
while  tbe  ttion»  sluggish  Devonian  Cestracions  kept  near  thu 
bottom  and  devoureii  the  shelled  mollusks,  etc.^  possiblv  Or- 
tbooamtiles,  Xautili«  aud  Trilobites,  which  became  nearly 
extinct  about  the  time  the  typo  of  pavumont-toothed  sharks 
mlminated. 

Tlie  teetli  ot^^Atf^^  or  ray?*  Imivo  obtuse  points.     In 
M^UiAaiijUK^^^^^m  *^*teni  itcd  to  form  a  soh'd 

|**voiB|g^^^^^^^|  large  rays  are  hn- 
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with  an  upper  and  nether  millstone  fur  cnisliing  and 
inaiing  the  thick^  solid  shells  of  mollnsks*    The  month 
both  aharks  and  rays  is  alwaytJ  eituuted  on  the  ntnlerside 
the  liead^  all  being  groimd*feeders,     Snch  sharks  as  rise 
llie  surfaoe  for  food  i^ize  it  by  turning  over  before  closing 
ibeir  jsws  on  the  hicklesg  victim. 

The  throi^t  or  cesophogus  is  wide  :  the  gtomaeh  a  capat^ions 
sac,  and  the  iu  teg  tine  short,  separated  from  the  stomach  by 
a  pyloric  ralre.  The  spiral  valve  of  the  intestine  is  a  fold 
projecting  into  the  cavity  of  the  gut,  the  fixed  edge  forming 
m  ipiml  line  around  the  inner  wall  of  the  intestine. 

The   hetLTl    eonsistg  of  a  ventricle  and   auricle,   with   an 
aortic  balb  which  pulsates  as  regularly  as  the  heart  ;  and  the 
i  mast  be  sent  forward  with  gre^it  force,  as  the  very  mus- 
cular bulb  is  provided  within  with  three  rows  of  semi-lunar 
▼alves. 

The  gills  are  poueh-like,  generally  five,  rarely  six  or  seven, 
onniber,  the  external  openings  or  gill-slits  being  usuuUy 
ttodtrate  size,  but  sometimed  long  and  large,  as  in  the 
laakiiig  shark*  While  tlie  clefts  open  on  the  etde  of  the 
mtk  ill  sharks,  in  the  skates  they  are  placed  beneath  the  neck. 
A  tpifoch  or  opening  leads^  in  some  sharks,  from  the  up- 
pir  nde  of  the  lieatl  into  the  mouth.  According  to  Wyman 
\khh  the  remnant  of  the  tii*st  visceral  cleft  of  the  embryo. 
In  Uie  brain  the  optic  thalami  are  separate  from  the  optic 
th«  olfactory  lolies  being  large  and  long  in  the  skates 
mdaome  sharks.  The  medulla  forms  tlie  larger  part  of  the 
bfmio.  The  optic  nerves  unite,  as  in  higher  Vertebrates,  form- 
ing a  com  men  stem  Of  vln  nam  a  y  before  diverging  to  the  eyes. 
The  eyea  of  some  sharks  have  a  third  lid  or  nictitating 
mainbrmtie  analogous  to  that  of  birds.  Tiio  ear,  except  in 
Ckimmra^  has  the  labyrinth  completely  surrounded  by  carti- 
Isgei  There  are  two  testes,  and  usually  two  ovaries,  hut  in 
the  dog-fishes  and  the  nictitating  sharks  tliero  is  but  a  single 
OTary.  Tho  oviducts  arc  true  *'  Fallopian  tubes/'  expanding 
pOiteriarly  into  uterine  cluimbers,  which  unite  and  open 
ralo  Ibt  clofica.  (Iluxley.) 
The  aharks  and  skates  are  not  prolific ;  having  but  few 
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enemies  they  do  not  lose  much  ground  in  the  struggle fof 
life.     The  oviparous  forms  such  as  eertuin  sharks,  »kitei, 
and  Chimwra^    lay  large  eggs   enclosed   in  tough.  leaUierf, 
purse-ahaped  cases*     The  other  Elasmobranchiates  are  vmp- 
arous,  bringing  forth  their  young  alive.     In  Mu»tthn  uA 
Car  char  im  a  rudimentary  **  placenta"  analogous  to  that  ot 
Mammals  is  developed  from  the  yolk.     The  fallowing  ft^ 
count  of  the  development  of  the  dog*fish  {Mnstelun),  which 
is  condensed  from  Balfour,  may  be  found  to  Ik?  applicable  l^ 
sharks  in  general  : 

The  blastoderm  or  germinal  disk  is  a  large  round  gpot 
darker  than  the  rest  of  the  yolk,  bordered  by  a  dark  \n\t 
(really  a  shallow  groove).  Segmentation  occurs  much  as  de- 
scribed in  the  bony  fishes,  reptiles,  and  birds.  The  iip|ier 
gcTm-layer  {epiblast)  arises  much  as  in  the  bony  fislies,  the 
Batracbians  and  birds,  while  the  two  inner  germ-layers  are 
not  clearly  indicated  until  a  considerably  later  stage.  ITie 
segmentation-cavity  is  formed  nearly  as  in  the  bony  fishes. 
There  is  no  invagination  of  the  outer  germ*la\er  to  form  tha 
primitive  digestive  cavity,  as  in  Amiihioxus.  the  lamprey, 
sturgeons,  and  Batrachians,  but  the  Selachians  agree  with 
the  bony  fishes,  the  reptiles,  and  birds,  in  having  the  atimen- 
tai7  canal  foruK^d  by  an  infolding  of  the  innermost  germ- 
layer,  the  digestive  track  remaining  in  communication  with 
the  yolk  for  the  greater  part  of  embryonic  life  by  an 
umbilical  canal.  This  mode  of  origin  of  the  digestive  ear- 
ity,  Balfour  regards  as  secondary  and  adaptive,  no  "gas- 
trula"  (lla^ckel)  being  formed  as  in  Amphioxus,  etc.  The 
embryo  now  rises  np  as  a  distinct  body  from  the  blast oderm^ 
just  OS  in  other  Vertebrates,  and  there  is  a  medullary  groove 
along  the  middle  line,  and  by  the  time  this  has  appearetl  the 
middle  and  inner  germ-layers  are  clearly  indicated.  After 
this  development  continues  in  much  the  same  manner  as  in 
the  chick. 

At  this  time  the  embryo  dog-fish  externally  I'escnibU'ii  the 
trout;  the  chief  differi-nce  is  an  internal  one,  the  outer 
germ -layer  not  1>eing  divided  into  a  nervous  and  epidermal 
sublayer  as  in  llic  bcmy  fishes. 
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The  next  external  change  is  tlie  division  of  the  tail-end 

into  two  caudal  lobes.     The  notochord  arises  as  a  rod-like 

thickening  of  the  third  germ-layer,  from  which  it  afterwards 

entirelj  separates,  so  that  the  germ,  if  cut  transyersely, 

voald  appear  somewhat  as  in  the  embryo  bird. 

The  primitive  vertebrse  next  arise,  and  about  this  time  the 
throat  becomes  a  closed  tube.  The  head  is  now  formed  by 
a  singular  fiattening-ont  of  the  germ,  like  a  spatula,  while 
the  medullary  groove  is  at  first  entirely  absent  The  brain 
then  forms,  with  its  three  divisions,  into  a  fore,  middle,  and 
hind  brain.  Soon  about  twenty  primitive  vertebrae  arise, 
and  by  this  time  the  embryo  is  very  similar,  in  external 
form,  to  any  other  vertebrate  embryo,  and  finally  hatches  in 
the  form  of  the  adult. 

The  skate  was  found  by  Wyman  to  be  at  first  long  and 
narrow,  the  dorsal  and  anal  fins  extending  to  the  end  of  the 
tail,  as  in  the  eel.  Soon  after  it  becomes  shark-shaped,  and 
finally  assumes  the  skate  form.  Thus  skates  pass  through 
•  shark-stage,  and  this  accords  with  the  position  in  nature 
of  skates,  since  they  are,  as  a  whole,  a  more  specialized  as 
well  as  more  modem  group  than  the  sharks.  Wyman  found 
that  there  are  in  the  skate  at  first  seven  branchial  fissures, 
the  most  anterior  of  which  is  converted  into  the  spiracle, 
which  is  the  homologue  of  the  Eustachian  tube  and  the 
outer  ear-canal ;  the  seventh  is  wholly  closed  up,  no  trace  re- 
maining, while  the  five  others  remain  permanently  open. 

The  Elasmobranchs  are  subdivided  into  two  orders  (re- 
garded by  Gill  as  super-orders,  the  Plagiostomi,  represented 
by  the  sharks  and  rays,  and  the  Holocephali,  the  type  of 
which  is  CJiinKBra. 

Order  1.  Plagiostami, — In  the  sharks  and  skates  the  teeth 
are  very  numerous  ;  the  gill-slits  are  uncovered.  The  rays 
or  skates  differ  from  the  sharks  in  their  broad,  fiat  bodies, 
with  the  gill-slits  opening  below ;  the  great  breadth  of  the 
body  is  due  to  the  enlargement  of  the  pectoral  fins  which 
are  connected  by  cartilages  to  the  skull ;  there  is  likewise  no 
median  articular  facet  upon  the  occiput  or  base  of  the 
skull,  for  the  first  vertebra. 

The  most  common  of  our  Selachians  is  the  mackerel  shark 
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(fig.  9S$}.    Tbe  held  h  amioaX.  with 
d^  bam,  sad  Uic  lobes  of  the  tail  m 
tarn  §mr  to  dglift  feet  in  length,  and  is 
m  matmot-vwimmer.    In  \ht 
rmip§9  CoTier)^  the  upper  hh  of 
(«i  die  bodj  of  the  shurk  itielf.   It 
fed  m  kngllu  tnd  Urec  on  tht;  high 
if  ijbt  Adttitae. 

tmwt  tibe  sk  of  tlie  thicsber  U  the  greit  backlog 
(Otanftutfts)  McnjM  CuTier,  of  tbe  North 
to  diirleefi  metres  (thirty  or 
fcct)  m  latgtiL     It  hM  nfj  luge  giUnslits,  and  is  ht 

mee  it  lifw  on  snuil 


,  lad  in  put,  probablv,  fm  Email  Halting  animals,  strain* 
ing  tbem  into  ite  throat  through  a  series  of  rays  or  fringvi  d 
an  elastic^  hard  gubstanee,  but  brittle  when  bent  too  much, 
and  airanged  like  a  cx>mb  along  the  gill-openings  the  teeth 
being  rerr  Fmall. 

Among  the  smaller  sharks  is  the  dog-fish  {Squalm  Atmri- 
cantus  SU»rer),  distinguished  br  the  sharp  spinr  in  front  of 
each  of  the  two  dorsil  fins.  It  is  caught  in  great  nurnbem 
for  the  oil  which  is  ertTscted  from  its  liver.  The  dog-shark 
(Mu^Ulus  raniJi  Dekay),  which  h  a  little  larg^er  than  th«? 
dog-fish,  becoming  over  a  metre  (four  feet)  long,  brings  forth 
tta  young  alive.  In  the  European  Afuniehu  Urnds  Riaao  a 
so-called  placenta  is  developed,  while  it  ig  wanting  in  the 
MfifMuit  vulgariit  of  Mailer  and  Henle. 
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I  AiKUPttg  the  more  uben'aut  t^liark^  i^  the  liammer-headBl 

I  z^mna  (Linn/),  which  grows  to  the  length  of  twolvo 

and  id  one  of  the  most  mpacioud  and  formidable  of  the 

Uie  rays  and  iikates.  the  ^iiw-fish  approximates  most 

Ibe  ^Imrkd.     Its  8nout  ii  prolonged   into  u  long,   flat 

blade,  atmed  on  i^ac^li  side  with 

teeth.        Prislts     untiquorum 

(Fig.  390),  the  common  saw- 

iohiibits  tlie  Mediterranean   Sea 

.  the  Gulf  of  Mexico  ;  it  is  vivipa- 

»(C«itofi.)     Prhth  Per  rote}  i  hvcs 

llhe  Senegal  Kiver,  while  CarrhnriuK 

iicfiM  is  found  sixty  Icugncs  fmni 


Hie  gennine  skates  or  rays  have  the 
Ijr  bioad  and  fiat,  rhomboidal  (ow- 
Co  tbe  great  extensioiL  of  the 
pectoral  fina).  Portions  of  the 
fins  in  the  males  are  m  elon- 
and  modified  as  to  form  iiitro- 
uttent  and  clasping  organs.  They 
irlose  to  the  bottom,  feeding  upon 
«h,  crabs,  etc.,  crushing  them 
their  jjowerful  flattened  teeth. 
(  spiracle  is  especially  develo|K^d  in 
rays,  while,  as  observed  by  Gar- 
ii,  in  the  majority  of  the  sharks 
cli  liwini  in  midwater  or  near  the 
forfac?,  the  water  enters  the  mouth 
nd  |«iige«  freely  out  of  the  gill-open - 
iaga,  Imt  in  the  rays,  which  remuiu  at 
ikfH  bottom^  the  purt-r  sea-water  enters 
lteipir«ele  from  above  to  pass  out  of  Seu!-Aricr'owc 
Otgin-elitii. 

Tlie  umallest  and  moiit  common  skate  of  our  nortiieaj^t- 
jjwi  Atlantic  coast  is  llaja  erinacea  Mitchell.     It  ia  one  half 
a  metre  (twenty  inches)  in  length,  and  the  males  ar«i 
er  ihsm  the  females.     The  hirge&i  species  \s  IW  baiti* 
-Mkmi^,  A'a/a  /4Piu>  Mitchell,  which  ig  over  a  metre  ^totl^^- 


Flj;,  390  -Btiik  of  Snw^Hsh, 
jnoutli,  Ilo^l^ll:i<,    luid    luiural 
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two  inches)  loug,  fiuja  r^tanhna  Ljiw[jeile  (Fig,  M) 
muges  from  Cape  Cod  to  the  Caribbeuu  8ea.  The  sm»fl«r 
figures  ill  Fig.  3'Jl  represent  rL'^i>eetively  the  niaqth  aai 
gill-slitSy  and  the  jtiwa  of  MyUohaiis  frenunviUii  Lt's^utur, 

In  the  torpedo  the  i>ody  is  somewhat  oval  and  mtttid^l 
Fig.  39^  represents  Torpedo  nmrmoratuSf  of  the  Mtnliter- 
ranean  8ea. 

Our  native  species,  fouiid   niOijtly  in  winter,  espt'ciallj 

on    the    low    sandv 
eborea  of  Cupe  VM, 
is   Torj^^do  umdtn- 
/rt/i«  Storer.    hs\\\\^' 
teriejs  and  ueneji  un 
bubstantially   as  lu 
tJie    European   spe- 
cies,    Tlie  elcclHcJ 
oi^ns  are  couittmci- 
ed  on  the  principle 
of    a   Voltaic   pile, 
consisting    of    W 
series    or  layers  rf 
hexagonal  cells,  tK^ 
space    between   tbi' 
nuiuerous  tine  trans* 
vei*se   phites  in  tbt* 
eella    tilled    with  ft 
trembling  jelly-likt 
mass,  eacJi    cell 
I'epi'esenting,    so  to 
speak,  a  Lcydew  jtr. 
There  are  about  470 
cells  in  each  battery,  each  pi-ovided  with  nerves  sent  of!  from 
the  fifth  and  eighth  pairs  of  nerves.     The  dorsal  side  of 
the  apparatus  is  positively  electricaU  the  ventral  side  nega- 
tively m.     The  electrieal  current  passes  from  the  dorsal  ta 
the  ventral  side.    When  the  electrical  ray  is  disturlKnl  by  the 
touch  of  any  object,  the  impression  is  conveyed  by  the  sen- 
sory nerves  to  the  brain,  exciting  there  an  act  of  the  willi 
which  is  conveyed  along  the  electric  nerves  ta  the  batt^rieSfi 


Fig.  2»\,^Rafa  eglantsHa,  malo.    MOQlh  and  gill- 
ftlks;  jmw«  and  te«Ui  of  Mytiobi$tU  frmtmutiliU  9 . 


THE  ELKCTIUCAL  BAT 
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prtHlucin^^  j4  sh'>ck*  The  benumbing  power  is  lost  by  fiv- 
quent  ext^reiise,  being  rcgaincil  by  rest ;  ifc  is  also  increasiHl 
bjr  energetic  circulation  and  respiration.     As  in  muscular 


^l'*  portion  '  r  Ihi?  trtgeiiilnjiioor  llfth  |»«lr  nf  nervc!( ;  ^f', electric  |»«Ttinn 
n(iitu»trfr  or  el^'h(h  piiir  of  inrvi*  ^  ;  /»  n^c'iirrciit  nervu  ;  jy,  left  di^c?rlc 
.^n«idf«  ;  ff'»ri({ht  cliirlrlf  orjittri  tli»»ccted  to  sliow  ihe  ditilribuHnTi  nf  the  nerves  : 
JL  the  latft  of  vhv  hrnucuiul  ctuunocTci ;  i,  mucui»-iijecrctiu|s'  tub*  s,— Frum  UervuU  and 
Taa  Betiedcti. 


] 


ixertion  the  electrical  power  is  iiicrcaaod  by  the  action  of 
ychnine  (Owen). 

Marey  has  more  recently  made  interesting  experiments  on 
le  torpedo,  examining  the  dischargo  of  this  fish  with  the 


€A 


zooLoor, 


telephone*  Slight  excitations  provoked  a  Bhori 
fiuiuid.  Each  of  the  small  dlseharges  wm  eompoidl  eft 
dozen  fluxes  and  pulEations,  lasting  about  one  llfteenili  at  I 
second*  The  sound  gut  from  a  prolonged  dischaige,  bof» 
ever,  continued  three  to  four  seconds,  and  cangi&ted  of  Aiofl 
of  groan,  with  tonality  of  about  mi  (105  vibrutiniis),  agio^ 
ing  pretty  closely  with  the  result  of  graphic  experimentL 

Marey  has  also  studied  the  resemblance  of  the  electikit 
apparatus  of  the  electrical  ray  or  torpedo  and  a 
Both  are  subject  to  will,  provided  with  nerves  of  c* 
action  J  have  a  very  similar  chemical  composition,  ntid  it- 
semblo  each  other  in  gome  points  of  structure.  A  mucctett 
contraction  and  in  tetanus  executes  a  number  of  BiiccMBft 
small  movements  or  shocks,  and  a  like  eonijdexity  ha*  Utft 
proved  by  JL  Marey  in  the  discharge  of  the  turpcnlo. 

The  efing-rays  {Trygon)  have  no  caudal  fin,  but  tlie  spinil 
column  is  greatly  elongated,  verj'  slender,  and  armed  wiik  i 
long,  erect  spine  or  '*  sting."      Some  live  in  fre«h  witirj 
seveml  s|>eciesof  sting-rays  ( Pot  urn  o  trygon)  tnhiibit  thf  \ap 
rivers  of  Brazil  and  Surinam,  as  the  Amazon,  Tapajo«," 
deira,  and  Aragnay,  digging  holes  in  tiie  sand,  in  which 
lie  fiat  and  await  their  prey.     In  this  connection  it  m*; 
saifl  that  Raja  fluviaiiUs  of  India  has  been  taken  near  lUo- 
pur,  neai^ly  1000  miles  above  tide-reach. 

Mtjliohniis  has  the  teeth  forming  a  solid  phite  or  paveineot 
The  devil-tish  {Cephdopierm  diahohni  Mitchell)  of  theeoirt 
of  South  Carolina  and  Florida  is  the  largest  of  our  nir^  be- 
ing eighteen  feet  across  from  tip  to  tip  of  its  pectoral  6ft^ 
and  ten  feet  in  length,  weighing  several  ton*.  It  aometiiftfii 
seizes  the  anchors  of  small  vessels  by  means  of  tb- 
processes  of  iti^  Ijead  and  swims  rapidly  ont  to  sc^u, 
the  craft  along  with  it* 

Order  %,  Jfohcephah\—Th\s  smM  but  int€r««tijig  gnwif 
18  represented  by  Cliimwrn  of  the  north  Atlantic,  and  (W 
lorhynchits  of  the  antarctic  seas.  In  lhe:ie  fishes  the 
gill-openings  nre  covered  by  an  opercular  membrane ; 
approaching  the  tnie  bony  frshes,  and  there  am  Uul  fotu  tf#4t 
m  the  upper  and  two  \t\  tV\e  \i»Kvr  yiiw,  Tho  braiti  of  CW 
mffira  is  said  by  VJAAei  tjt>  e«am\>u\^  Ow^wAsaik  kA  N^B^^i^ 


uug* 
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Selachians,  (Jiuioiils,  and  Batrachians.  Chiinmra  pluvibea 
Gill  lives  in  deep  water  off  the  coast  of  New  England. 

Subdaas  2.  Gkuioidei  {Oarpikes,  Lung  -  Fishes). — The 
tenn  Ganoid  was  applied  to  these  fishes  from  the  form  of 
the  sealesy  which  in  most  of  the  species  are  angular,  square, 
or  rhomboidal  and  covered  with  enamel,  as  seen  in  the  com- 
mon garpike.  In  others,  however,  as  in  the  Amia  and  Dip- 
noans,  the  scales  are  rounded  or  cycloid.  These  fish,  i.e., 
both  the  genuine  Oanoids  and  Dipnoi,  were  the  character- 
istic fishes  of  the  Devonian  age,  which  has  consequently  been 
called  the  Age  of  Fishes,  there  being  no  bony  fishes  {Teleos- 
tei)  at  that  time.  The  forms  were  much  larger  than  at 
present,  far  more  numerous  in  species,  genera,  and  families, 
and  they,  with  the  sharks,  were  the  rulers  of  the  sea. 

At  the  present  day  the  type  is  nearly  extinct,  being  repre- 
'  sented  by  such  isolated  forms  as  the  sturgeon,  the  i)addle- 
fish,  the  lung-fish  {Dipnoi),  the  garpikes,  and  the  American 
mud-fish  {Amia).  Like  most  of  the  palsBozoic  types  of  life, 
the  (Ganoids  were  both  generalized  forms  and  also  combined 
the  characters  of  classes  of  animals  not  then  in  existence  ;  in 
other  words  they  were  synthetic  or  comprehensive  tyi)es. 
Thus  in  forms  like  Amia,  the  Teleostean  fishes  were  antici- 
pated ;  in  the  Dipnoi,  with  their  external  gills  and  lungs, 
not  only  the  Amphibians,  but  even  the  reptiles  were  indica- 
ted in  their  hearts  with  two  auricles,  just  as  the  Trilobites  and 
Merostomata,  as  indicated  by  the  structure  of  the  living 
king-crab,  combined  with  the  structure  of  Crustaceans,  fea- 
tures which  became  in  a  degree  reproduced  in  the  terrestrial 
scorpions  and  spiders  which  subsequently  appeared.  Owing 
to  this  intermixture  of  ancient  and  modern  characteristics, 
this  reaching  up  and  out  of  the  piscine  type  of  life  over  into 
the  amphibian  and  reptilian  boundaries,  the  classification, 
t.  e.,  actual  position  in  nature  of  the  Ganoids,  becomes  very 
difficult,  and  the  views  of  naturalists  regarding  their  system- 
atic position  are  very  discordant.  If,  as  insisted  on  by  Gill, 
we  recognize  the  fact  that  the  Ganoids  are  an  older,  more 
generalized,  and  therefore  more  elementary  group,  and  the 
osseous  fishes  a  newer,  more  highly  specialized  group,  and 
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tluil  thcn^  ta  a  natural  iieries  uf  forms  leading  from  the  stur* 
gti>n,  which  is  tietresl  the  Elikjmoliraiiclis,  np  through  tbe 
BipiuMuifi  to  the  trae  Ganoids,  and  that  the  latter,  through 
Amia^  leads  to  the  bony  fislies,  we  shall  have  a  clue  to  the 
ttilricate  relations  exiting  between  them  and  the  other  sub- 
dMMSof  fifllie&*  * 

Tlie  GhuMiidB  of  the  present  day  are  well  nigh  confiiit^  to 
ft^adi  water,  the  stargeons  alone  living  in  the  sea  &»  well  u 
aioending  riTers;  though  the  Devonian  and  carbonileroQi 
iomia  oocor  aa  marine  fossils. 

In  synthetic  forms,  like  the  Ganoids,  it  is  difficult  to  find 
absolute  characters  separating  them  from  the  EUisinubranchft 
on  tlie  one  hand  and  the  Teleosts  on  the  other.  The  dtBg* 
noetic  chanM^tera  wte  the  following  :  the  skeleton  ifi  eitlier 
wholly  cartilaginoua^  or  partly  or  wholly  bony  ;  the  «kin  i< 
either  smooth,  or  with  cycloid,  or  usually  with  ganoid  acaks; 
the  gilla  are  free  ;  the  gtU*opening  is  covered  with  an  0)»e^ 
cttlar  bone ;  the  first  fin-rays  generally  sharp  ;  the  air-blad- 
der with  a  pneiimatie  duct ;  the  embryos  sometimes  with  n* 
temal  gills. 

The  s^nnal  column  is  usnally  cartilaginous ;  in  the  Dip- 
iioans,  the  sturgeons,  the  |iaddle-fish  and  allies,  tlie  notochord* 
with  its  sheath,  is  |*ersistent ;  while  in  PoJypterus  and  Amk 
the  spinal  <x>himn  is  completely  bi>uy,  the  vertebrae  being 
ampkiemlou^f  i.  <,, biconcave;  while  in  the  garpike  (Ltpidm- 
ieui)  the  vertebne  are  convex  in  frtmt  and  concave  behind 
Tlie  cartilaginous  skull  is  covered  by  broad,  thin  membrane* 
booes^  as  seen  in  the  sturgeon.  The  tail  is  heteroeercid,  the 
lobes  being,  in  Ami'n^  nearly  equal. 

The  brain  is  as  in  the  bony  tishes,  but  the  optic  nervc?s 
unite  in  a  chtasma.     The  heart  and  aortic  bulb  tiw  ns  in  tht! 
Slemohiranchs,  and  all  but  Lrpido.^tfnA  have  a  well-devd- 
i  apiral  ralve  in  the  intestine,  the  valve  being  mdimentarv' 

^Altlioajtb  slrangly  iaclined  lo  it^gmrd  tUo  DIpnoaiiB  from  ilieir  ajn- 

"^^         id  i«|ilSliaa  chamctere  aa  \y\wi%  of  a  subclass.  Dipnoi,  vet  in 

to  llMipnndpl**«  «t«trd  br  Ulll,  wJiiclt  we  hud  prevlnualy  fol- 

lly  III  tli#  clussificmlioo  of  the  ni-4:M:mriciaii  and  \mlmh 
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in  the  garpikes.  The  oviducts  communicate  with  the  ure- 
ters as  in  the  sharks  and  amphibians.  The  different  modifi- 
cations of  Ganoid  structure  may  be  observed  in  the  examples 
of  the  different  orders. 

Many  of  the  Ganoids  of  the  Upper  Silurian  and  Devonian 
rocks  belonged  to  the  groups  Cephalaspidm  and  Placoder- 
maia.  In  the  Cephalaspids,  represented  by  the  singular 
Gephalaspis  LyeUii  of  Agassiz^  the  broad  head  was  covered 
by  a  single  semi-circular  plate,  with  large  orbits  above,  the 
month  being  below.  The  pectoral  fins  were  rayless  folds  of 
the  skin  ;  the  body  behind  the  head  was  covered  with  rhom- 
beidal  scales,  and  provided  with  adorsal  fin.  The  Pteraspis 
had  a  head-shield  composed  of  seven  pieces.  Among  the 
Placoderms,  Pterichthys  had  a  plated  head  half  as  long  as 
the  body,  the  tail  short  and  scaled.  These  fishes,  the  earliest 
known  Vertebrates,  were  bottom-feeders.  K^o thing  is  known 
as  to  the  nature  of  their  jaws  or  teeth. 

Order  1.  Chondroganoidei. — In  these  Ganoids  the  dorsal 
chord  is  not  ossified ;  the  sknll  is  cartilaginous,  covered  with 
membrane-bones  ;  they  are  either  toothless  or  with  small 
teeth.  The  skin  is  naked  as  in  the  paddle-fish,  or  protected 
as  in  the  sturgeons  with  very  large,  bony,  solid  plates.  The 
sturgeons  have  the  snout  long  and  pointed,  with  the  mouth 
underneath,  and  toothless.  Acipenser  sturio  Linn,  is  the 
common  sea-sturgeon  of  our  coast,  ascending  rivers.  The 
shovel-nosed  sturgeon,  Scaphirhynchops  platyrhynchus  has  a 
spade-like  snout.  It  inhabits  the  waters  of  the  Mississippi 
Valley.  Salensky  has  studied  the  embryology  of  the  Russian 
sturgeon.  The  freshly-laid  eggs  are  two  millimetres  in  di- 
ameter, the  yolk  undergoes  nearly  total  segmentation,  thus 
connecting  most  Vertebrates  in  which  the  eggs  only  partially 
segment,  with  the  Amphioxus,  lampreys,  and  amphibia,  in 
which  segmentation  is  total.  The  skeleton  is  developed 
much  as  in  the  Elasmobranchs.  The  sheath  of  the  noto- 
chord  develops  in  three  weeks  after  hateliing.  At  the 
end  of  the  third  week  the  upper  and  lower  vertebral  arches 
appear,  arising  as  in  other  fishes.  The  skull  is  indicated  in 
two  or  three  weeks  after  liatching. 
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'  nd  hm  a  mumt  odc 
lid  tprtnhte,  with  tiiin  edgea;    It  i 
vkb  miniite  teeth,  and   Itines  on 
iJle  MiaMMJiipi.  and  itt  1 


Oritr  2.  A|pM£.^ — ^The  lung  M^w  are  eo  nilldl  fnmi 
betag  ia  poob  aad  itnaaii  liable  to  diyi 
V  dif^ellr,  hmfmg  true  lojigs,  like  Onm] 
\  van ai  gilU.    From  the  naiura  of  thtith 
are  qoite  difliereot  fromiSi 
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coming  of  Amplitl 
notochord  and  sbeath 


i  Oif  wem  diaiactertitic  and  more  nuBieroiil  fl 
thej  may  be  aaid  to  be  a  preinaliaiiiii 


Tlift  liodTof  tjbe  Dipnoaaa  ifl  iomewfaat  eel-ahaped*  ihai||b 
jttot  TOT  long  m  proportkni  to  its  thielniei8»  and  is  cormi 
[iritk  c^rabid  acaleL    The  peeionl  and  ventral  firia  are  loofi 
1  pqiatcd,  and  there  is  a  long  cnuiUl  fin  wUch  ii 
,  a  tcrni  pixipote*!  by  Wyman  to  designate  the  lam 
the  camU  fin  of  eiabcTia  sLarks.    In  fact,  the  tail  of  tk 
garpike,  m  of  embrTO  Tidiosta  or  bony  fiabes,  it  ^ 
protocenal^  aftenrarda   being    heterooercal  in  idnH 
Oamidft^  aadi  aa  Iha  garpike,  and  in  tbo  embnro  aiii 
earijr  free  ^m^  of  aiost  bonr  fishes ;  the  tail  in  the  Utfeif 
baeoiaiag   finaltr  homooercal   or   equaUlobed.     Thos  tha 
laii  of    the  Dipnoans  may  be  said  to  be  embryonic,  ue*, 
protooepcaL 

Iht  sfNnal  eolamn  is  repre^nted  by  a  simple  notnehoid  md 
abeath  ;  within  the  latter  the  basal  ends  of  the  bony 
ardiea  and  ribs,  and  near  the  tail  the  lower  (haemal) 
aii»  tiBbc<dded*     The  ^kiiU  is  cartilaginous.   The  ex 
th^  tower  jaws  supports  large  tc9oth*like  plates  (dentary  pi 
wliicfa  ^hut  in  lietweon  the  few  palatine  teeth  ;  in 
thiaa  y\le&  are  single,  and  in  all  Dipnoans  the#e  linfle 
tary  plato  are  rery  chaiacterigtic  of  the  group.    Tbe 
padoral  aad  rentral  fins  are  supiiortetl  by  a  aiogla,  i 
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cartilaginoiiB  rod,  to  which  is  attached  fiue  fin- 
ng  the  thin  edge  of  the  tin, 
The  spind  viJve  aud  cIuik'u  ure  i)rt!seut  in  the  intestinal 
III  I'olypt4?rus  tlie  cerebrul  hemispheres  are   larger 
tlie  olfactory  lobes,  and  there  is  an  optic  cliiasma ;  the 
bad  besides  the  right  krge  auricle,  a  left  smaller  one 
receives  the  blootl  from  the  lungs,  and  a  single  ven- 
!>  as  in  Amphibians  and  most  reptiles;  they  have  true 
k.     The  lungs  are  like  those  of  Amphibians,  and  in 
n    they    pos8e^   both 

and   external  gills  W: 

39a),  the  latter  nearly 
ftborted  in  the  adulL 

The  genus  Ceraiodwt  was 
origiiiaily  named  by  Agassiz, 
trm  teeth  fecund  in  «TTinissic 
^nrd  TrJA'i.irc  strata  in  Europe.  Livnng  specimens  were  found 
t»rilr-  Kreffi  in  Queensland*  Austmliit*  and  called  Ccratodua 
fkUri  Krefft  (Fig*  394)*  This  fidi  is  rather  more  elemen- 
twy  til  form  than  Leptdofttreph  the  body  being  Btouler,  and 
the  large  iicales  of  the  Innly,  with  the  iin*like  piMldk:^  and 
diBtinetly  rayed  vertical  fins,  cause  it  to  resemble  more  closely 
ordinary  bony  fishes  than  Lepidosiren  (GtLnther).     Moreover 


FiR.  asa. 


Extert^rl  gllltftf  a  voang  Ptt^ 
'      6r«  external  gill ». 


fl|i  9i»air«IPtfV.  or  Anstrallmii  Long- Fish.   (The  t&t)  In  ntture  «ndfl  Id  a  point.) 
-Alfv  Oantbcr ;  from  NIcbobuu, 

^ibe  lang  is  single,  and  not  used  so  mneh  as  the  two  perfect 
lagaof  Lepifhifiiren,     It  attains  a  length  of  six  feet.     It 
breathe  by  either  gilk  or  lungs  alone.     When,  O  tint  her 
the  fiflh  ia  compelled  to  live  during  droughts  in  thick 
Eiuddy  water  charged  with  gases  wliieh  are  the  product  of 
ling  organic  matter,  it  is  obliged  to  use  its  hings. 
I  are  more  like  ihc^m  of  ordinary  bony  fishes  than 
tlliiK^of  Lepuloidren.     It  lives  ou  the  dead  k-aves  of  aquatic 
gnuitt,  etc.     The  locul  English  name  is  '*  flat-ljead/'  tho 
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natiye  name  being  **  barramundi."  Nothing  is  known  of  ita  I 
breeding  liabits  or  ratnie  of  development*  The  eggs  whm 
ready  to  be  hud  are  :^.5  millimetres  in  diameter.  The  lower  I 
part  of  the  oviduct  is  much  iig  in  Menojw>ma,  Fossil  teetli } 
of  Cemtudus  occur  in  the  Jurassic  beds  of  Wvoniing,  and  twu  I 
Bpc^cit'8  have  been  fouud  in  still  older  beds  in  lllinuift,  regarded] 
by  Cope  as  either  TJpiier  Carboniferoua  or  Permian-     Thui,! 


Tig.  WSli,—Protopi€tu«  annsct^nn,  n  Lung  lUh  of  AfrioL    One  ifcird  nafunl  tiie. 


tis  remarked  by  G anther,  we  have  in  Ceratadujt  a  genu« 

which  has  survived  from  the  Triassic  period. 

The  hing-fisli  are  distinguished  by  two  well-formed  lung 
and  the  narrow  ribbon-like  fins.     In  Lepidosiren  parada 
Fitzinger,  thore  are  five  gill-arches»  witb  four  elita,  and 
body  is  nitjier  longer,  more  eel-like,  with  a  blunter  §nout 
than  in  Frotopterus,     It  grows  to  one  metre  in  lengthy 


Pfff,  «».— Skeletmi  of  Protoftierut  nnHfeiftu,  fhowtng  the  pfoio<'^Tc*l  ttn  and  I 
timptp  ntdlfke  Jimlii,  th"  \wU\v.  and  flhoiiMi-^r  t!lrdk'»,  irnd  the  imturv  af  the  JitJ 
<^,  nolcKrIioPd  X  p,  bofiMJ  rcprc»cntlnjr  eh"  hienwil  an-hn*  «tliichi*d  t«  ilie  ncjlocbo-' 
kUuatb  ;  A»,  hairud  spines  ;  fw,  ih,  ra^a  of  the  camlnl  flu.— After  Owen. 


inhabits  the  rivers  of  Brazil     This  is  representwl  in  Africa 
by  the  closely  ulhed   Profopfrrus  anmrfrnfi  Owen  (Figs. 
and    3!>0    skeleton),   which  has  six  gill-arches,  with   th 
]>air8  of  extenuil  gills  in  the  young.    It  is  40-70  cen timet: 
in  length.     It  liven  on  Iciivcs  in  the  White  Nile.  Quilimaiu, 
Ni^^er,  GiimlMa,  un<l  their  JrilHitJiries.    Ti  hiirie^  itself  in  tho 
mud  a  foot  thf^\\     nnnther  state^^  that  immerous  exiwnp] 
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of  Lepidosiren  "  have  been  kept  in  captivity,  but  none  have 

shown  a  tendency  to  leave  the  water." 
The  modem  Dipnoi  represent  the  Devonian  fishes  Holqp^ 

ifckius,  Dipierus,  and  Phaneroplenron, 

and  the  American  Dinichthys  Torrelli 

d  the  DeTonian  rocks  of  Ohio,  which 
is  said  by  Newberry  to  have  been  about 
five  metres  (from  fifteen  to  eighteen 
feet)  in  length,  and  a  metre  in  thickness, 
being  inferior  only  in  sixe  to  the  Asier<h 
hpisy  a  Plaooderm  of  the  old  red  sand- 
stone of  Great  Britain. 

Order  3.  BranchioganoOei. — ^Here  be- 
longs the  Polypterus  of  the  Nile  and 
Senegal.  In  these  Ganoids  the  tail  is 
either  protocercal  or  heterocercal ;  the 
scales  are  cycloid  or  rhomboid.  The 
dorsal  fin  is  long,  subdivided  into  divis- 
ions, each  with  a  separate  ray  and  spine. 
Polypierus  bichir  Geoflroy  (Fig.  397) 
has  a  protocercal  taiL  The  young  has 
external  gills  (Fig.  393).  It  inhabits  the 
river  Nile,  P.  senegalus  the  Senegal. 
Caiamoichthya  differs  in  having  no  ven- 
tral fins  and  in  its  elongated  form.  It 
inhabits  the  rivers  of  Old  Calabar.  Al- 
lied to  these  living  forms  arc  the  De- 
Tonian  Osteolepis,  CoBlacanthus,  and  Ho- 
hptychius. 

Order  4.  Hyoganoidei. — This  group  is 
represented  by  the  garpike  and  Amia  or 
mud-fish  of  the  United  States,  which 
an  annectant  form  connecting   the 
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Ganoids  with  the  Teleosts.     In   these 

fishes  the  spinal  column  is  bony,  the  cAir.— From  cu?f< 

tail  partially  heterocercal. 

In  Lepidosteus  (Fig.  398,  L.  ossens  Agassiz)  the  body  is 
long,  the  jaws  long  and  armed  with  sharp  teeth,  the  vertebne 
are  opisthocoelous,  and  the  scales  are  large  and  rhomboidal. 


zoo  LOOT. 


while  the  air-bladder  u  cellular^  Iuiig-like«    Fossil  species  (Xi- 
cuf  with  those  of  Amia  in  the  tcrtiar}*  rocks  of  the  West 
Xqfid&st€U*  MffTiM  Agasfiiz,  the  bony  gar,  with  a  long,  ekoder 
fliotit,  18  sometimes  five  feet  long ;  X.  pkUygiimius  Bm&sl 
has  a  abort  nose^  while  the  alligator  gar^  Z.  ftpatuUi  hd- 
pcde,  has  a  short  and  wide  suout,  and  grows  to  a  larger  m 
(nciarlj  three  metres)  thaa  the  otlier  species^  and  iiihibita 
the  Mississippi  Valley.     The  garplkes  are  cannTorous,  verf 
rapaciooBy  and  are  said  to  destroy  large  numbers  o!  food* 
fishes.     They  usually  remain  near  the  surface  of  the  wmUtt^ 
emitting  bubbles  of  air  and  apparently  taking  in  a  fresh 
supply-     Wilder  has  obeen^ed  Amia  inhaling  air,  and  W" 
marks  that  **so  far  as  the  expt-ribents  go,  it  geems  probable 
that,  with  both  Amia  and  Lepidosteus^  there  occurs  an  inhft- 
lation  as  well  as  exhalation  of  air  at  pretty  regular  interrabi 
the  whole  process  resembling  that  of  the  Menobramhm  and 
other  salamanders^  and   the   tadpoles,   which,   as   the  giUs 
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shrink  and  the  lungs  increaae,  come  more  frequently  to  the 
surface  for  air,'*  Botli  of  the«e  fishes  are  very  tenacious  of 
life  and  withstand  removal  from  water  much  better  tlian 
bony  fishes  and  eturgeong,  on  account  of  the  lung-like  nature 
of  their  air-bladder.  Wilder  shows  that  there  is  a  series  of 
forms,  mostly  Ganoids,  from  the  Amia  and  LepidQ9(tm  in 
which  the  pneumatic  duct  enters  the  throat  on  tlie  dorsal 
side,  up  to  Lepido«iren  in  which  it  enters  the  throat  on  the 
ventral  side,  like  the  air-tube  or  trachea  of  Amphibians  and 
higher  Vertebrates, 

The  breeding  habits  and  external  changes  in  form  of  th« 
gar|»ikes  have  been  described  by  Mr.  A,  Agaaaiz.  The  gars, 
which  are  nocturnal  in  their  habits,  appear  on  the  shores  of 
Lake  Ontario,near  Ogdensburgjn  immense  numbers  between 
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the  middle  of  May  and  the  Stli  of  June,  remaining  at  otlier 

times  of  the  year  in  deep  water. 
The  yoang  begin  to  hatch  about  the  end  of  May.     At 

fint  the  embryo  gar  possesses  an  unusually  large  yolk-sac, 

while  the  notochord  is  very  large ;  otherwise  posteriorly  it 
iwembles  the  young  of  bony  fishes.  It  differs,  however,  in 
its  large  mouth,  which  is  surmounted  with  a  hoof-shaped 
depression  edged  with  a  row  of  projecting  suckers,  by  which 
it  attaches  itself,  hanging  immovable,  to  stones ;  the  eye  and 
brain  is  smaller  than  in  bony  fishes.  The  tail  is  at  first 
protocercal,  beginning  on  the  second  day  to  become  hetero- 
cercal.  On  the  third  day  the  gill-covers  form  rectangular 
flaps,  and  the  first  traces  of  the  pectoral  fins  appear,  while 
the  snout  becomes  longer.  By  the  fifth  day  the  traces  of 
the  dorsal,  caudal,  and  anal  fins  appear.  When  a  little  over 
three  weeks  old  it  assumes  a  more  fish-like  form  ;  the  suck- 
ing disk  has  nearly  disappeared,  the  lower  jaw  greatly  length- 
ened, and  the  gill-covers  extend  to  the  base  of  the  pectoral 
fins.  When  between  two  and  three  weel.s  old  the  young 
gar-fish  is  20  millimetres  (|  inch)  long.  The  young  rise  to  the 
surface  to  swallow  air,  as  in  the  adult  Soon  after  this  it  is 
of  the  form  first  discovered  and  figured  by  Wilder.  The 
gar-fish,  according  to  Agassiz,  bears  some  resemblance  to 
the  sturgeon  in  certain  stages  of  growth,  an 4  in  the  forma- 
tion of  the  pectoral  fins  from  a  lateral  fold,  as  well  iis  by  the 
mode  of  growth  of  the  gill-openings  and  the  gill-arches,  while 
it  closely  resembles  the  young  of  bony  fishes  in  the  develop- 
ment of  the  posterior  part  of  the  body,  by  the  mode  of  origin 
of  unpaired  fins  from  the  embn^nic  fin-fold,  and  by  the 
mode  of  formation  of  the  fin-rays,  and  of  the  ventral 
fins. 

The  mud-fish,  Amia  calva  Linn.,  is  like  an  ordinary  bony 
fish  in  form,  with  rounded  scales ;  the  caudal  fin  **  masked 
heterocercal,"  the  snout  is  short  and  rounded,  and  the  air- 
bladder  is  large  and  cellular.  It  attains  a  length  of  two 
thirds  of  a  metre,  and  occurs  in  the  Mississippi  Valley  and 
as  far  east  as  New  York.  A  fossil  form  closely  allied  to 
Amia  dates  back  to  the  Cretaceous  Age,  and  the  genus 
CaturuH  is  a  Liassic  and  Oolitic  genus.  ^ 
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I  a.  YliteOBtoi  {B^m^  JMes). — We  now  come  to  i 

wtedi,  vitlim  VttfT  recent  gealogical  tima  ai 

At  |iMnt  period^  km  become  diffennitifty 

'  cf  dMV  ffcykji  e&viftmineDt  m  coui\^wi 

of  line  phjvoal  geography  of  Pu- 

tarboaiiBVQS  iMid^iDaflBeB.     T^ikc  most  of  the 

«f  aunal^  as  tine  Dectpod  Crustacea,  and 

WB  veM  WA  the  molltuks,  ihe  Imiiiv 

i  ttitoiilslitiig  amoont  of  epeciidizailaQ. 

I  if  Iht  tnt  of  iHlijie  life^  takii^  root  m  the  Silarmn  AgO) 

I  to  later  Pahpoxoic  timely' 
and  Terliar}'  Ag«M,  thrown 
land  twigs  intertwining  ami 
ling  to  the  systematiist. 
I  of  the  bony  tx^hes^  i.e.» 
biHn  tlie  Blasmobranchs  and  Ganoids* 
Tha  akekton  b  licniy,  the  >ertehne  beiog  aep' 
its  of  Iheacapnlar  arth  are  fiimple,  the 
'  the  IDOBI  |iart  bony  and  nsuallj  three  or 
';  the  pcetormi  fins  are  without  any  bone  rep- 
;  the  humenijk  and  are  Odimected  with  the  scapular 
hf  aei^eral  (geoendly  lour)  narrow  hones  (Gill).     The 
optie  Bcrvea  croaa  one  another.     The  gills  are  free,  naually 
fbitr  em  each  sideband  with  several  opereular  bonea.     The 
heart  is  without  a  cone,  but  with  an  arterial  bulb,  and  with 
but  two  -mlTes  at  the  origin  of  the  m^rtii.     The  intestine  ia 
destitute  of  a  spind  Talre, 

The  student  should  dissect  a  typioil  Teleost,  ench  bs  a 
fresh-water  or  sea  pt*rch,  with  the  aid  of  the  following  ac- 
count of  its  anatomy.  The  drawing  and  account  here  given 
of  the  anatomy  of  the  gea-pen'h  have  been  prepared  by  Dr. 
C.  Sedgwick  Minot,  The  common  8eti-j>erch  or  cuiiner 
{Tautogolabrus  adj^per^us  Gill,  Fig.  31)D)  resembles  the  frciih- 
water  perch  very  closely  in  it^  ttnatoniy.  the  most  not©* 
worthy  difference  being  the  absence  of  the  ixeca  at  the 
pyloric  end  of  the  sjfornm'h  in  tlir  murine  species;  with  this 
©jteoptiori  the  folU»wing  description  applies  almost  eqtiaUjr 
well  to  the  fresh-water  perch,  80  that  thia  account  wjU  ha 
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ble  jor  western  stndents  who  liaye  nofc  access  to  speoi- 
of  the  cnnner. 

)  perch  has  the  general  form  of  a  flattened  spindle,  for 
era  down  at  either  end  and  is  compressed  laterally. 
is  no  neck  marked  off  externally,  and  the  head  ap- 
as  the  direct  oontinnation  of  the  body,  bnt  separated 
it  by  a  fissore  on  either  side ;  this  is  the  opening  of 
lis,  which  extends  from  aboye  downwards  and  curves 
rd,  nearly  meeting  its  fellow  on  the  median  line  of  the 
jaw  ;  upon  opening  the  gill-slit  the  pectinate  or  comb- 
ilia  or  branchiaa  are  seen  within.  There  arc  four  sets 
uichial  filaments,  each  set  attached  to  a  separate  de- 
,ng  arch,  in  front  of  each  of  which  is  a  slit  leading  into 
lYity  of  the  mouth  ;  but  there  is  no  slit  behind  the 
IL  The  branchisB  are  protected  externally  by  the  gill- 
or  operculum,  which  is  attached  in  front,  but  is  free 
i^  where  it  forma  the  front  edge  of  the  gill-slit ;  it  is 
>sed  of  four  distinct  parts  :  1.  The  prseoperculum 
tt  the  eye,  and  with  its  lowest  comer  almost  a  right 
;  its  posterior  and  vertical  edge  is  furnished  with 
reus  minute  projecting  spines.  2.  Appended  to  the 
side  of  the  margin  thus  armed  is  the  operculum.  3. 
^  the  praeoperculum  is  the  interoperculum,  which  par- 
covers  up  4,  the  suboperculum.  E«ach  of  these  parts 
separate  bony  support ;  all  four  bones  are  developed 
in  the  Teleojts;  in  sturgeons,  for  example,  there  is 
an  operculum,  to  which  in  other  Ganoids  other  parts 
dded ;  in  Salachians  the  whole  apparatus  remains 
reloped. 

9  mouth  is  placed  in  front ;  the  upper  lip  is  capable  of 
?ndent  motion,  being  supported  by  the  praemaxillary 
,  which  are  but  loosely  attached  to  the  cranium,  though 
kuy  other  fishe3  the  union  is  closer.  The  eyes  are  large 
idless  ;  just  in  front  of  each  eye  is  an  opening  of  the 
f  a  pin's  head  ;  these  openings  lead  into  the  nasal  sacs, 
lich  there  are  two,  but  both  are  without  communica- 
vith  the  mouth ;  in  higher  vertebrates,  from  the  Dip' 
pwards  and  in  Myxitie,  there  is  such  a  communication. 
3  Afarsipobranchii  there  is  but  a  single  median  nasal  sac. 
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The  ear  haa  no  external  opening,  being  completely  encand 
m  bone.  Xearly  purallel  vvitfj  the  line  of  the  back  extendi 
a  continuous  row  of  yellow  ^mU  marking  the  lateral  \m 
(Fig.  399,  L),  along  whieh  are  found  the  pore-like  ofjcn- 
ing¥f  of  the  so-called  muciparous  glands. 

All  fish  have  tins  of  two  kind^ — unpaired  and  paire^i ;  uie 
latter*  four  in  number,  correspond  to  the  limbs  of  other  Ver- 
tebrates. Tl^e  unpaired  fins  are  tirst  developed  on  a  nmtin- 
uous  median  Hap  of  integument,  which  cxt4?nd^  along  tb0 
back,  around  the  tail,  and  on  the  underside  as  far  forwiinl  u 
the  anus  ;  eartilaglnous  or  bony  rays  are  dev  -  i 

support.     In  the  adult  tish  the  fold  is  genei  - 

ous,  being  usually  fieparated  into  tliree  distinct  fins— 
c^indal,  and  anal  ;  the  dorsal  fin  is  frequently,  the  mj.*i  i*» 
sometimes  subdivided.  The  fin-rnya  are  (I)  either  siiapfe 
pointed  rods,  or  (2)  jointed  and  hranching.  All  tlieniyiof 
the  caudal  fin,  and  tlie  jwsteriar  rays  of  the  dorsal  luiil  wal 
fins,  are  branching*  In  some  Malacopt-erygianfi  all  the  mw 
are  branching  ;  in  many,  however,  the  first  ray  is  sJmplt  » 
the  dorsal  and  anal  fins,  while  fishes  like  the  }ierch  and  oiii* 
ner  are  distinguished  by  having  several  or  many  of  the  aft* 
terior  rays  of  the  dorsal  and  anal  fins  simple  and  poinlri* 
In  the  cunner  half  the  rays  of  the  dorsal  and  the  first  two  of 
the  an  111  fin  are  simple. 

The  pectoral  fins  are  attached  to  the  side  of  the  body  and 
are  large  and  ronnded.  The  ventral  fins  U©  further  btdk 
near  the  median  ventral  line  ;  they  are  smjiller  tit  .**fr 

torals.     The  ])ositii*n  of  tlie  ventrala  varies  in  d.u  .4i, 

and  is  much  used  in  classification.  The  anus  lion  ijnmcdi- 
ately  in  front  of  rhe  anal  ^v\. 

The  body  is  covered  by  scales,  which  overlap  on©  aaotlMf 
from  before  backward  ;  their  free  edges  are  rounded  nwl 
smooth,  hence  they  are  called  cycloid*  These  acalei^  u  i» 
all  Teleost^,  are  ossifications  of  the  underl ving  cuiia^  sod  an 
covered  by  the  epidermis  ;  they  were  formerly  wronglj  inp* 
po»ed  to  be  epidermal  structures. 

To  di.'Jseet  a  perch  the  side-wall  of  the  mouth  mast  be  re- 
moved, then  the  gill-cover  ;  study  the  arrangement  of  the 
gills.     Next  make  an  incision  along  the  median  veninl  liw 
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from  the  level  of  the  pectoral  fins  to  just  before  the  anas,  and 
following  the  upper  edge  of  the  body-cavity  upward  and  for- 
ward cut  sway  the  body-wall,  taking  care  not  to  injure  the 
laige  swimming-bladder  above,  nor  the  heart  in  front  Now 
open  the  pericardial  cavity,  which  lies  ventrally  immedi- 
ately behind  the  gills  (see  Fig.  399,  Ht).  Cut  away  the  mus- 
cnlar  masses  around  the  back  of  the  head ;  expose  the  cavity 
of  the  brain,  and  remove  the  loose  cellular  tissue  around  the 
nervous  centres.  If  the  gills  of  one  side  are  excised  and  the 
intestine  drawn  out,  the  dissection  will  appear  very  much  as 
in  Pig.  399. 

The  cavity  of  the  mouth  widens  rapidly  and  continues  as 
the  branchial  chamber  or  pharynx  (&),  whence  wo  can  pass  a 
pcpbe  outward  through  any  of  the  gill-slits.  There  is  a  single 
row  of  sharp-pointed  teeth  in  front  on  both  the  under  and 
upper  jaws  ;  in  the  pharynx  above  and  below  there  are 
rounded  teeth.  At  the  side  of  the  pharynx  are  the  four  gill- 
slits  and  the  four  arches  ;  the  inner  surface  of  the  anterior 
three  arches  is  smooth,  while  the  arch  behind  the  fourth  slit 
is  much  modified  in  shape  and  is  armed  with  tubercles 
and  teeth.  The  entrance  of  each  slit  is  guarded  in  front 
and  behind  by  a  row  of  projecting  tubercles  appended  to  the 
arches*  On  the  outside  of  each  arch,  except  the  fourth,  is 
a  double  row  of  filaments,  richly  supplied  with  blood-vessels 
which,  shining  through,  give  a  brilliant  red  color  to  the 
gills  ;  on  the  fourth  arch  there  is  but  a  single  row.  At  the 
upper  and  posterior  cjomerof  the  pharynx  is  the  small  open- 
ing of  the  short  oesophagus.  The  branchial  chamber  has  an 
upward  extension  on  the  sides  of  which  lie  the  pscudobran- 
chiae  (Ps),  accessory  respiratory  organs  not  connected  with 
the  gills  proper,  and  receiving  their  blood-sui)ply  from  distinct 
arteries.     There  are  no  salivary  glands. 

The  OBSophagus  dilates  almost  immediately  to  form  the 
stomach  (partly  concealed  in  the  figure  by  the  liver,  Li)^ 
which  seems  hardly  more  than  a  dilatation  of  the  intestine 
{In).  This  last  is  of  nearly  uniform  size  throughout,  and  after 
making  three  or  four  coils  terminates  at  the  anus,  immcdi- 
;ately  in  front  of  the  urinary  and  genital  apertures.  When 
,in  MitUi  the  terminal  portion  of  the  intestine  or  the  rectum 
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the  iBwIiin  TiPQtnil  line.    The  IWer 

I^glil4itY>wii  maea  rating  upon  ik 

gan*libdfltT  lies  between  thfl 

oabailded  in  the  substance  nf 

thoiigh  it  is  prcii>iiti& 

(^)  lies  between  the  stomach  ind 

it  is  dark  reddish-brown  is 

r|5)  if  ft  m^  laig^e  sac,  placed  in  the  dor* 
;  «f  ths  lHd5'<«TitT,  lu  glvteniDg  walla  are  com- 
■IbIt  of  IM^  fibrous  tisae.  The  pneumatic  dnct, 
bf  wbick  Ika  btwMer  eoouBiuiiealn  with  the  ce^pha^^i^  in 
wmmj  iAas,  ii  wmtiBg  in  the  petrh  a^  in  netirly  dl  other 
TW  ail  HwHei  nanBallT  eonuiius  only  ga^s.  It 
MMt  «f  tbe  kiilneji,  wbicli  extend  the  whole  leng:th 
af  tfc»  bodr-cafitr  oo  either  miSm  of  the  r  T^ne,  a.4  two 

loag  itripa  of  a  deep  tboagh  doll  red*  Ti  .  j»  ct  bejond 
the  air-Uttdder  in  from  {K%)  and  behind  {Ki}.  Tlteir  an- 
ite  aoiHKwhat  separated  from  one  another  by  the 
piharrnx.  The  ureters  open  into  a  urinarj 
bbdder  («)  behind  the  «Dii& 

Hit  Ofanr  k  single  and  i^arm  groatly  in  size  according  to 
the  seami.  In  the  male  the  seinal  glands  are  double.  Eaoh 
tatia  ()  )  is  an  elongated,  whitish,  lobulated  organ,  placed  im- 
medtslelj  below  the  swimming-bladder,  and  continues  pos- 
teriorly with  the  spermiduct,  which  opens  immediately  be- 
hind the  anii& 

The  heart  ( Ht)  lies  in  the  triangular  pericardial  cavity ;  ii 
consists  of  two  portions,  the  dark-colored  venoos  chaml: 
or  auricle,  above,  and  the  lighter-colored  arterial  chambe 
Tentricle,  l>elow.  The  anricle  receives  from  above  two  !; 
reins,  one  from  cither  side ;  these  veins  are  called  the  d\ 
Cm*ieru  Each  Cuvierian  duct,  as  can  Ije  seen  in  the  figure, 
ascends  beside  the  oesophagus,  and  there  receives  a  large  jug- 
ular vein  from  in  front,  and  a  large  cjmlinal  vein  from  be- 
hind.  Furthormoi'e,  a  large  vein,  the  sole  representative  of 
the  vena  cava  of  hitj^lier  Vertebrates,  passes  Irorn  tin*  liver, 
near  its  ant4^rior  end,  through  the  iTerieurdinm,  and  emptiea 
into  the  Cuvierian  duets  near  their  common  auricnlarorifice* 
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The  walls  of  the  auricle  arc  comparatively  thin  ;  the  auriculo- 

rentriciilar  orifice  is  provided  with  valves,  which  prevent 

the  blood  flowing  back  into  the  auricle.     The  walls  of  the 

ventricle  are  thick  and  very  mnscalar ;  from  the  upper  end 

of  the  Tentricle  close  to  the  base  of  the  auricle  springs  the 

Mbu$  arieriosuSy  a  muscular  cylinder,  which,  running  hori- 

xontally  forward,  passes  out  through  the  pericardium,  and  is 

continued  as  the  less  muscular  aorta  (A)  underneath  the 

branchial  arches  along  the  median  line  ;  the  aorta  gives  off 

branches  on  both  sides,  one  to  eadh  arch  to  supply  the  bran- 

chiffi ;  the  Tessels  after  ramifying  are  gathered  together,  to 

again  form  a  single  trunk,  which  passes  backward  immedi- 


FUr.  flOO.— AnAlomy  of  the  Gamier,  male.  Z,  lateral  line ;  Fit,  heart ;  G,  pharynx  ;  Pa^ 
panidolmuichia  :  Sp,  spleen  ;  S^  air-bladder :  JPi,  Ei'^  kIdnevK  ;  b\  hloddtT ;  7*.  tes- 
Ua ;  A^  aoru ;  B^  bmin  ;  /a,  Inteadne ;  Xi,  liver ;  (?,  gilli*.— Drawn  by  C.  S.  Minot. 

ately  underneath  the  spinal  column  ;  it  is  called  the  descend- 
ing aorta. 

The  body  and  pericardial  cavities  are  called  serous,  because 
their  lining  membranes  are  always  moist  with  serum,  a  watery 
fluid,  ver}'  much  like  blood-plasma.  The  lining  of  the  body- 
cavity  is  named  the  peritoneum,  and  forms  a  continuous  cov- 
ering around  the  viscera.  It  is  important  to  observe  that  the 
various  organs  simply  project  into  the  body-cavity  and  do 
not  lie  really  inside  of  it.  In  fishes  we  find  the  disposition  of 
the  parts  to  correspond  more  closely  with  the  fundamental 
type  of  Vertebrate  structure  than  it  does  in  higher  forms,  in 
which  further  modifications  have  supervened.  The  pharynx 
still  has  its  distinctive  character  ;  the  pericardium  lies  at  the 
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ham  of  the  neck,  instead  of  in  live  thorax  ns  in  the  liigher  Ver* 
lebmleBL  TbeheftitsUll  preeeiTes  it£  primitive  divi2ioik;ofi 
the  other  hand,  the  swimfDi '  l.r  jg  a  special  tvlai  t  '  n 

ui  the  pbcian  ty]>e,  while  :  /lent  absence  of  tlk[ii 

oreog  U  a  peculiarity  of  fishes  the  meaning  of  which  m  not 
yet  understood* 

The  brain  (B)  does  not  oocnpj  the  whole  of  the  cruDial 
cavity,  but  \&  imbedded  in  a  large  accumulation  of  coHular 
tissue.     In  order  to  study  the  brain  gatisfactorily,  it  should 
be  exjirised  from  above,  laving  bare  at  the  same  time  the  optk 
nervea  and  nuiscle:},     Tlie  two  olfactory  lrib<^a  are  followed 
by  two  lobe^(/f ),  the  cerebral  hemigphei-ea,  and  immediaUijf 
behind  them  two  larger  lobes  {Q),  the  corpora  hi-  or  qundn- 
gemina  (optic  lobe^i^  not  optic  thalami) ;  further  back  follows 
a  singlj  medi.in  lo*»e  {Cb),  the  rerehellum^  somewhat  conieai 
in  fihiip3  and  resting  upon  the  medulla  oblongata  {M),  from 
which  Riiring  varioiiJi  nerves,  and  which*  tJHK*nn^  backward, 
18  continned  as  the  spinal  cord.  In  front  appear  the  very  largo 
and  cnnspicnnus  optic  nerves  (Op),  the  right  nerve  passing 
obliquely  to   the  left  eye,   the   left  nerve  to  the  right  eytj 
running  under  the  right  nerve,  but  forming  no  chiasma; 
each   optic  nerve  is  a  plaited  membrane,  folded  gome  what 
like  a  fan  when  shut  ni>,  an  arrangement  occurring  ouly 
among  light's.     In  a  fcido-view  of  the  liriiiii  (Fig.  40U»  7/),  th« 
mode  of  origin  of  the  optic  nerves  and  their  origin  from  the 
optic  lobes  can  be  clearly  seen  ;  it  further  shows  the  various 
forms  of  the  lobes  of  the  bniin,  and  the  large  iw/^nVw*  /otei 
{L)  below  the  cojiioni  quadrigemina  :  these  lobes  are  T( 
remarkable  and  difficult  to  homologi;5e. 

The  eyes  lie  in  two  socket?,  separatc<l  by  an  int^mrbi 
septum  (Fig.  400,  S),  The  eyeball  has  the  form  of  an  ob- 
late spheroid,  and  is  moved,  as  in  all  Vertebrates,  by  four 
recti  and  two  obliqui  muscles.  The  recti  spring  from  around 
the  exit  of  the  optic  nerve  from  the  brain-case,  and  thence 
diverge  to  be  inserted  into  different  parts  of  the  eyeball ; 
above  is  the  rectus  superior  (Ms)  ;  towards  the  interorbital 
septum  (S)  rectus  internus  (Ri)*  op[iosed  to  the  last  is  the 
rectus  externus  (Re),  and  below  is  the  rectux  inferior^  not 
shown  in  the  liginu     In  Teloosts  both  f)hli(pio  musrlen,  the 
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superior  (Os)  and  iiiferior  (Oi),  arise  from  the  front  of  the 
orbit  near  the  interorbital  septum.     The  disposition  of  the 


Fiff.  40Ol— Anatomy  of  the  brain  of  the  Canner,  dorsal  and  Mdc  view.    Ji,  01,  olfac- 
I017 lob«a  ;  the  cra»  and  the  thalaml  not  lepreaented.— Drawn  by  C.  S.  Min<.t. 

recti  is  very  constant,  but  the  obliqui  vary  considerably  in 
their  origin  in  different  Vertebrates. 

If  a  perch  be  cut  through  transversely,  so  that  t]ie  section 
passes  through  the  fore-part  of  the 
air-bladder,«and  the  anterior  portion 
then  looked  at  from  behind,  a  very 
instructive  view  will  be  obtained,  as 
in  Fig.  401.  The  best  sections  can  be 
made  by  first  freezing  the  fish.  The 
vertebral  column  ( V)  appears  a  little 
above  the  middle ;  overlying  it  is  the 
neural  canal  with  the  spinal  cord ;  im- 
mediately below  it  is  the  descending  or 
dorsal  aorta  (Ao),  on  either  side  of 
which  follow  the  kidneys  (A'),  resting 
directly  upon  the  air-bladder  {Bt). 
Lowermost  is  the  bodv-cavity,  with 
the  stomach  (>9),  and  intestine  (/w),  thSg.h^tm"ddro7'thrb^ 
surrounded  by  the  liver,  which  has  o{j^a^cunner.-Drawn  by  c.  1 
been  almost  entirely  removed.     The 

rest  of  the  section  is  occupied  by  muscles,  which,  it  will  thus 
be  B?en,  make  up  the  main  bulk  of  the  body.     (Minot.) 
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The  SD-callod  '^  mucous  canal"  or  lateral  line  of  fidiesial^ 
Amphibians   ia  sensory.      It   consists   of  small   maases 
nerve-epithelium,  arnuiged  in  linear  series  along  ibc  sidei 
the  head  and  body,  having  halrHJells  continuous  with  n( 
They  are  called  **nerve-buttona'*  or  '*  nerve-heap*^*'  A< 
ing  to  Sehultze*  tlieir  office  appears  to  btf  to  a[ 
movements  of  the  water,  and  more  particul,:  ici 

which  have  longer  periods  than  those  appreciated  by  tiic 
(Dercum)*     In  the  blind-fish  of  the  Mammoth  Cave  s 
of  sense-papillsB  is  situated  on  the  front  of  the  bea«U  *ttl 
plied  with  nerve-fibres  sent  from  the  fifth  pair  of  ni 
(Wymun), 

The  angler  (lAfphtUft  pUmlorius)  has  long  been  known 
possess  hinged  teeth,  capable  of  being  bent  inward  towi 
the  mouth,  but  by  virtue  of  the  elafitioity  of  the  hinj5e 
once  resuming  the  upright  |>08ition  when  pressure  is  rumi 
from  them.     A  nabUps  and  PwcHia  have  also  movable 
The  hake,  a  voracious  prodatoiy  fish,  and  in  a  le«8  digm 
other  Gadidm^  are  possessed  of  hinged  teeth* 

The  nature  of  respiration  is  intimately  connected  wiWi  tV 
production  of  sounds  by  fishes*     RiH^nt  researches  h\ 
on  t^ertain  unusual  modes  of  breathing  in  fishes  art^  of  ^iKCJi 
interest.     He  has  examined  certain  fishes  of  the  AmaJGom, 
i.e.,  species  of  CaUichihys^  Darns,  Eriihrinus,  Il^posiamm 
and  iSudis  f/iffas  or  **  piiurucu*'  of  the  natives,  the  latt^T  beiOf 
allied  to  the  herring*   In  the  CalUvhthyn  the  intestine  is  trans- 
formed into  a  respiratory  organ.     When  the  water  drie«  ap 
it  emigrates  to  other  pools  or  streams,  creeping  hy  mcaiii 
of  its  pectoral  fins,     This  fish  can  live  twenty-four  hooJl 
out  of  the  water  with  impunity. 

In  the  gigantic  piranieu,  the  Bwimming-bladder  it  a 
sac,  and  the  upjKjr  part  d<H's  not  look  like  that  »•- 
spongy,  areolar,  reddish  -  brown,  friable,  and  ,.,-..:-,.ti 
presdCfl  to  the  dorsal  and  lateral  walls  of  tho  body ;  itt  color 
recalls  that  of  the  lungs  of  a  bird,  and  fanotionaltj  H  i^ 
semhles  the  latter. 

Among  accessory  Ivreathing  organs  are  the  lamellate  etuntj 
of  the  Anabaft,  and  the  sac-like  appendages  which  are  in  re«- 
nection  with  the  gill-cavity,  and  extend  under  Ibi?  mttidM 
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dtim  bodj  of  Amphipnmu  cmehiat  Oymiiarehus  and  Sacco- 

ni0  noises  pftxiaeed  by  certain  6she8  are  due  primarily  to 
the  Action  of  the  pnemiiatic  duct  and  BwimmiDg-bladderi 
rWkile  different  kinds  of  noises  are  made  accidentally  or  in- 
mlunUirtly  by  the  lips  or  the  pharyngeal  or  intermaxillary 
18  in  tlie  tench,  carp  and  a  large  nnmbor  of  other 
0%er  fifty  gpeciea  of  fish  are  known  by  Dufosse  to 
liifie  soundfl  of  some  sort,  and  Abbot  has  increased  the 
aber  in  this  oountry*  The  gwimming-bludders  c>f  Trigla 
\uAZ^u  luLfe  a  diapliragrn  and  muscles  far  o()enmg  and 
jdoBzig  it,   bjr  which  a  murmuring  aoaud  \&  made.     The 
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fiyiuids  are  made  by  Pogontas  chronm,  the  drnm- 
Ja  wome  Cyprininm^  Siluroids  and  eels  the  sound  is 
I  \$y  foreing  the  air  from  the  swimming-bladiler  into  the 
aaophagnB*  In  the  sea-horse  (IIlpfmmmpHs),  tfie  son  mis 
U9  made  by   the   ribrations    of   certain    small    voluntary 

Dr.  C*  C  Abbot  liaa  in  this  country  discovered  that  the  mud 
iui*69h  (Ar/tnihfirehtispmnoliM)  utters  u  deep  grunting  sound; 
tliegtssesiT  '  '  '  "  'Soma  repedMHum,  Fig.  402)  miikes''nn 
mniiVkt  \^  ud  ;*' the  chub-sucker  or  mullet  (/LVt/wy- 

mmabhngHm)  **  utters  a  single  prolouged  note  aceoiu)mrued 
bf  A  discharge  of  air-bubble^;'*  the  cat-fish  {Amiunu  lynx) 
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produces  '*a  gen  tit:  lin  mining  sound  ;"  eola  niter  ii  more  dis- 
tinctly muaicul  80und  than  any  other  of  those  obsenHl  bK 
AblM4>  who  stjites  that  **it  is  a  single  note,  fre*iuei 
peatc'd,  and  has  a  slightly  inetallic  resonance."    It  . 
also  be  noticed  that  the  organs  of  hearing  in  many  musicaJ 
fishes  ai*c  said  to  \k\  unusually  well  developed,  hence  theae 
Bounds  arc  probably  love-notes ;  and  Abbot  notices  the  fact 
that  these  tishes  are  dull-colored  during  the  reprodnctive  «eft- 
»on,  as  well  as  at  other  times,  while  voiceless  fishes,  such  u 
the  ]x?rch,  common  sun-fish,  chub,  roach,  etc.,  are  higbl; 
colored  during  the  breeding  season,  and  thus  the  sexes  are 
mutually  attracted  in  the  one  e^i^e  by  music^  and  in  the  other 
by  bright  colors.     Finally  the  sounds  of  fishes  may  be  said 
to  be  homologous  with  those  of  reptiles,  birds  and  mammaU^ 
the    air-bladder  being    homologous  with   the  lungs  of  the 
higher  Vertebrates,  while  the  pnennndic  duct  is  comparable 
with  the  trachea  of  birds  and  mammals. 

In  swimming,  the  propelling  motion  is  mainly  exerted  by 
the  tail,  the  movements  of  which  are  somewhat  like  those  of 
an  oar  in  sculling.  The  sjunes  of  the  tail-fin  are  movable, 
and  are  capable  of  being  brought  into  such  a  |ioeition  that 
the  tin  will  meet  with  less  resistance  from  the  water  while  thft 
tail  is  bent,  they  are  then  Btniightened,  and  it  is  when  being 
Btraightened  that  the  fish  is  propelk-d.  The  movements  of 
the  pectorals  and  ventnils  are  to  steady  the  fish  and  to  ele- 
vate and  depress  it,  while  the  dorsal  and  anal  tins  steadv 
the  body  and  keep  it  upright,  like  a  dorsal  and  ventml  keel 

Among  viviparous  bony  fishes  are  certain  Cyprinodonki 
(as  Aiiabhps  and  Pcecilin)^  the  eel-like  Zonrces,  and  tlie 
hlind-fish  of  the  >fanimoth  Cave.  A  small  family  of  Cah- 
fornian  marine  fishes,  in  form  resemhling  the  sun-fish  (Porno- 
tis)  are  called  by  Agassiz  Embiotoridof^  from  the  fact  thai 
they  bring  forth  their  young  alive.  Embiotoca  Jachtom 
Agassiz,  which  is  twenty-seven  and  a  half  centimetrea  (lOJ 
mches)  long,  has  been  known  to  produce  u:  mg, 

each  about  seven  and  a  half  centimetres  (3  i 

During  their  reproductive  season,  many  l3ony  figjies,  such 
as  the  stickleback,  salmon,  and  pike,  are  more  highly  colored 
than  at  other  times^  the  males  being  espei'iiilly  brilliant  in 
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lefr  hnesy  whOe  other  secondary  sexual  characters  are  deyel- 
led.  The  female  deposits  her  eggs  either  in  masses  at  the 
r&oe  of  the  water,  as  the  goose-fish,  or  at  the  bottom 
gravel  or  sand  as  do  most  other  fishes,  the  male  passing 
jr  them  and  depositing  his  "  milt "  or  spermatic  particles. 
e  egg  has  a  thin  transparent  shell,  and  the  yolk  is  small, 
eied  with  a  thick  layer  of  the  "  white." 
The  eggs  after  fertilization  undergo  partial  segmentation, 
primitive  streak,  notochord,  nervous  cord,  and  brain  de- 
)p  as  in  the  chick,  but  that  the  embryo  is  to  become  a 
1  is  soon  determined  by  the  absence  of  an  amnion  and  allan- 
I,  and  by  the  fact  that  the  germ  lies  free  over  the  yolk 
\  a  band. 

n  the  pike  the  heart  begins  to  beat  about  the  seventh  day, 
I  by  this  time  the  alimentary  canal  is  marked  out.  The 
nitive  kidneys  are  developed  above  the  liver.  The  air- 
Ider  arises  as  an  offshoot  opposite  the  liver  from  the  ali- 
dtary  canal,  and  the  gall-bladder  is  also  originally  a 
erticulum  of  the  intestine.     The  urinary  bladder  in  the 

is  supposed  to  be  the  homologue  of  the  allantois  of  the 
her  Vertebrates.  The  principal  external  chan  ge  is  the 
learance  of  the  usually  large  pectoral  fins. 
?he  embryo  pike  hatches  in  about  twelve  days  after  devel- 
aent  begins,  and  swims  about  with  the  large  yolk-bag 
u^hed,  and  it  is  some  seven  or  eight  days  before  the  young 

takes  food,  living  meanwhile  on  the  yolk  mass.  The 
ch  hatches  in  twelve  days  after  the  egg  is  fertilized,  and 
nis  about  for  eight  or  ten  days  before  the  yolk  is  absorbed. 
J  gills  gradually  develop  with  the  absorption  of  the  yolk. 
'he  tail  in  most  bony  fishes  is  at  first  protocercal,  then 
oming  heterocercal  as  in  the  adult  sharks,  but  snbse- 
ntly,  after  the  fish  has  swam  about  for  a  while  and  in- 
ised  in  size,  it  becomes  homocercal  or  symmetrical.  The 
es  are  the  last  to  be  developed. 

n  the  large  size  of  the  pectoral  fins,  the  position  of  the 
ith,  which  is  situated  far  back  under  the  head,  the  hetero- 
»1  tail,  the  cartilaginous  skeleton  and  uncovered  gill- 
I,  the  embryo  salmon,  pike,  perch,  etc.,  manifest  transit 
r  characters  which  are  permanent  in  sharks. 


date  back  tn  the  Jura^ic  (leriud,  but  did 
( until  the  Cretaceous  and  eapeciallT  tk 
TierDUT  Feriod.    Tte  Grv«m  Ritct  beds  of  Wyoming  abooiul 

are  divided  into  eight  orders,  in  an  aewndiru 

P^BiiaUati^  LophobranMi  imd  i^/^^- 

Otdm^l.  OfbOmmL— The  Miea  of  this  gn^iipure  cbr- 

EtatHdbgrtlieOTiMmtion  of  the  shutiider-ginlle  iwm  tHr 

The  raitnl  fins  ve  either  alidomiiiAl  or  wanting. 

ThB  nrpnl  gmns  la  N^i^mmikus,  iu  which  th^  bodj  iselon- 

^ind,  with  A  |irol]Qflct8-like  snout 

(Met  :t  4pn*«-— In  this  group,  also,  the  dcapuUr  arch 


wi^m- 


iWd^AMwMki 


m  free  front  dM  skull,  while  the  maxilUry  bonea  are  mdl* 
mmUtj,  The  branohla]  apeitiircs  are  unugually  snails  au^ 
thete  ai^  no  f^ntiml  finjs,  while  the  bcwly  is  very  long,  cyliU' 
dricaL  snske^like.  The  ofder  is  represented  anion^  man; 
nihir  fomft  bf  the  mmmim  ael  { Jiijffii7Ai)t  the  couger-eti 
nftl  di9  Mmrmwm  of  the  Hedileimiiean  Sea.  The  c«)nger-ei'l 
(Chiyr  MPUNctM  GtU)  ranges  from  Newfoundland  to  the 
Wiil  Indiiii.  Gill,  ^  wdl  aa  Oflniher  and  others,  regiink  » 
lo^g  tuiigpngent  rihbon-Uke  fish,  described  under  ilie  naokA 
eC  Jyiwytflfaii  aa  the  young  of  the  conger-eel. 

The  ccmmum  <«],  Amguilhi  iu^utirodrh  (Fig.  403),  ci 
«n  hi^  M»  of  the  Allaoiiic^  on  the  North  Ameriean  coast 
M  fhr  aonth  m  Ca|ie  Hatteina^  and  hi  inland  rl ven$  and 
aexM  da  nol  diflsr  exterually^  and    internally 


BRBBDINQ  HABITS  OF  THE  RRL. 


447 


9S    regards  the   form  oi    the  reproductive    glands.      The 

oraries  form  two  riboon-like  masses  extending  from  the 

liver  to  just  beyond   tlie  vent  and  attached  by  one  edge 

to  the  vralls  of    the  body,   with  the   free  edge  hanging 

downwards.      Wlien  in    spawn    the   ovary  is  very  thick, 

white,   and  the   eggs   can  be    seen  with  the  naked    eye, 

1)eiDg  nearly  one  half  millimetre  in  diameter.     When  ripe 

they  break  through  the  wall  of  the  gland  and  drop  into 

the  body-cavity,  there  being  no  oviduct,  and  pass  out  of  the 

genital  opening  situated  directly  behind  the  vent.    The  male 

^ands  occupy  the  same  position  as  the  ovaries  of  the  female, 

but  are  smaller,  narrower,  and  distinctly  lobulated.     Out  of 

about  six  hundred  specimens  of  eels,  only  four  males  have 

jet  been  found  in  this  country.     These  had  testes  like  those 

described  by  Syrski  in  the  Italian  eel  (.4.  vu^am),  while  Pack- 


Fig.  404.— A  SUuroid  FUh,  Ariu%.    TouDg  with  the  yolk  not  absorbed. 


ard  detected  the  mother  cells,  and  Mr.Kingslcy  observed  mov- 
ing active  spermatozoa.  It  is  probable  that  the  eel  descends 
rivers  in  October  and  November,  spawning  in  the  autumn  and 
early  winter  at  the  mouth  of  rivers,  and  in  harbors  and  es- 
tuaries in  shallow  water.  By  the  end  of  the  spring  the 
young  eels  arc  two  or  three  inches  long,  and  then  ascend 
rivers  and  streams.  They  grow  about  an  inch  a  month,  and 
the  females  do  not  spawn  at  least  before  tlic  second  year,  *.  e, , 
when  about  twenty  incliee  ^^^g-  ^^r.  Mather  estimates  tliat 
the  ovary  of  an  eel  weighing  six  pounds  when  in  spawn  con- 
tains upwards  of  9,000,000  eggs. 

Order  3.  NematognathL — This  group  is  represented  in 
North  American  waters  by  the  catfish  and  horned  i>out. 
The  name  of  the  order  (from  vrf^xay  vfffjiaroi,  thread,  and 


4W 


MiHkioo  r 


irpttOos,  jmrj  i^  in  allnjltoii  to  the  filaiTKnt^  or  barbebgnm 
ingoQtfrmi  the  jave,  and  which  arc  chiini4'U*ri«tt€  of  III 
ihets  of  tlie  grtMi|i.  Thtf  ttppi*r  juw  is  formed  fajr  tfc*' 
iDtermaxillarj  biiiie^  otilv,  vkid 
the  Mipra*tnaxiUaiT  bones  font 
the  ba^  of  the  largi*  l^tfUl 
The  snboperculum  U  alwarsniK^ 
aeat,  as  b  also  the  ey 
tlie  eupra-occipiUil  ami  ynt\ 
bim€s  are  co-oeisified.  Tin? 
either  naked  or  with  bc»ov  pbttcft 
The  air-blndiler  connect  bjr  i 
duet  with  the  roof  of  the  cBSopb* 
«gn&  Winle  a  few  formi 
mariiie*  mo^t  of  the  Sili 
fishes  are  inhabitautii  of  the  nV 
ere  of  tropical  co<int-' 
nnmWr  Wing  eha 
the  rivers  of  BnuiL  Ail 
North  American  speciai  beio] 
the  family  Silurida^  of 
the  common  representaUrei 
the  homed  jjout  and 
catfUh*  In  the«e  formB  tho 
is  naked.  The  honu^i 
Amiurus  nirarim  (\\%  rangcf 
from  Xew  En«ilnnd  to  M 
and  the  Great  I^kes,  It  hi 
Kew  England  in  holes  in  gravel  during  the  mid^umma**  Tbt 
Great  Lako  catfish,  j< mi" i/rifj^ /* 
in  the  Great  I^kes,  and  ieaboN 
The  blind  catfish,  Grnniajt  niffriluMM  Coj)e,  in 
terranean  stream  tributary  to  Conestoga  Hivir  m 
Penu6ijlvania, 

Among  the  exotic  South  Amcnnin  Siliinnd*  are  A 
(Fig.  404)  and  Astffredo  (Fig,  405)  of  Guiana^  In  J/iWj 
•ome  of  its  allies  in  Sonth  America  the  cftgn  are  ctjm^ 
tJie  malee  in  their  month,  from  five  to  twenty  httnj 


'  ■«%«»  VeMMlli,  wtia  lit  eg| 
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borne  about  until  tlie  young  hatch.  They  iiiv  probably 
caught  up  after  exclusion  and  fertilization.  Some  of  the*; 
eggs  are  half  an  inch  in  diameter.  Dr.  Day  states  that  the 
same  habits  occur  in  certain  Indian  species  of  Arius  and 
Osteageniotms.  A  species  of  Arius  was  found  by  Stein- 
dachner,  at  Panama,  to  carry  its  eggs  in  a  fold  of  the  skin  of 
its  belly ;  afterwards  the  males  bear  them  about  in  their 
mouth. 

The  females  of  Aspredo  have  on  the  ventral  surface 
homy,  stalked  capsules,  which  contain  eggs  from  one  to  two 
millimetres  in  diameter  ;  the  capsules  disappear  as  soon  as 
the  young  hatch. 

Malaptertirus  ehctricus  Lacepode,  of  the  Nile,  is  electri- 
cal, the  electric  cells  forming  a  layer  directly  beneath  the 
skin  and  enveloping  the  whole  body,  except  the  head  and 
fins.  The  cells  are  minute,  lozenge-shaped,  about  one  and 
a  half  millimetres  in  diameter.  They  are  supplied  by  a 
nerve  from  the  spinal  cord.  The  shock  is  comparatively 
feeble,  but  suffices  for  defence,  *'  the  fish  being  protected  by 
its  electrifying  coat,  as  is  the  hedgehog  by  its  spines." 
(Owen.) 

Order  4.  ScyphophorL — This  order,  first  named  and 
characterized  by  Cope,  derives  its  appellation  from  the 
Greek  axvq>o^y  a  bowl,  and  (pipooy  to  bear,  in  allu- 
sion to  a  peculiarity  of  the  pterygoid  bone,  which  is  en- 
larged, funnel-shaped,  and  excavated  by  a  l)owl-like  cham- 
ber which  expands  laterally  and  is  covered  by  a  lid-like  bone. 
The  brain  has  a  ])eculiar  plicated  organ  over  the  ecrelxillum  ; 
the  air-bladder  is  simple,  communicating  by  a  duct  with  the 
intestinal  canal.  The  order  comprises  two  families,  the 
members  of  which  inhabit  the  rivers  of  Africa  ;  they  are  the 
Mormyrida,  represented  by  a  number  of  gcMiera  and  species, 
and  the  OymnarchidcBy  of  which  Gynniarchus  niloHcus  is 
the  only  known  species. 

Order  5.  TeleocephalL — These  are  our  common  types  of 
fishes,  and  are,  whether  we  consider  their  individual  struc- 
ture or  the  number  of  specific  forms,  the  most  highly  de- 
veloped, I. «.,  specialized,  of  the  class.  The  name  is  derived 
from  reXeioSf  perfect,  and  K€(pa\i^^  head,  in  allusion  to  the 
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kigh  degree  o'    '  '  ■.  m  the  Injure  of  tlifl] 

hmA.     Tlie  -  ,  .n/lv  M.>-itied,    Tb 

boDei  of  the  skull  and  uf  the  jaws  m-e  if uliy  developed.    Tlie  | 
lover  jaw  is  attaclied  tci  the  skull  by  a  sui^peu^rium  af  sc^^ 
enl  m'eJl-inarked  bune.s,  iududin^r  a  syuiplectie,  whibthol 
hroidsad  gtU  arches  arc  well  deve]o)»od,  m  is  tbe  grupularl 
arct     Tlia  bniiu  hiis  gmuU  olfnclory  lobes  and  a  sni^ill cfrt^l 
beltum.     Tbe  scales  are  geneiiilly  ]iresent^  and  either  ct^| 
nojd  (i-^,  rough-edged)  or  cycloid  (ut.<f  rounde<l  but  sm<>o(li1 
on  the  edge).     Tbe  eoninion  examples  are  the  carp»  herring,] 
trout  ai)d  salmon,  pike,  perch,  cod,  and  Houndcr. 
Turning  now  to  some  of  the  more  characteristic  membcil 
the  iirJer,  we  first  notica  one  of  the  loBCj^t  Teleo?it*,  t)i 
"dfictiicad  eel  {Ojfmmniu^  eJeiirivm  Linn.)  of  South  Am'fi 
ic%  which  k  two  m^tre^  in  length,  and  is  charaeteriml  I 
its  gnsilj  drv^lo])ed  electrical  iMitt^^rie^     The^  are  four  i 
aimbeir,  ^r  '  :   '  *        -n  each  side  of  the  body,  art ' 
fcm  Mttrl  liiwer  half  of  the  trunk,      i 

of  the  cells  are  Tertical  instcail  of  horizon  t^K  as  iu  Ihe  U 
|icdow  while  the  entire  battened  or  cells  are  himzontal* 
iieftd  of  ^«rl]cid.  a»  in  the  electrical  ray.     The  nerre^  i 
10  tiht  ba*         '      f  tbe  eel  are   supfjlted  by   the  venti! 
InMhfltt'i  nro  hundred  pairs  of  spinal  nervcss, 

Bmocmtim^  Ifaow  and  allied  forma  are  the  herrings  (01 
r)t  wpwaemcd  by  tbe  common  English  herring,  Ohtp 
Limk,  which  inhabits  both  eides  of  tbe  Nor 
Athuitie,  extending  on  the  American  side  from   the  j^ol 
ifficMia  taCape  Cod;  the  ale  wife,  PQ^nohbrn  paeiidahartfu 
69.  which  mngra  from  Xewfoundknd  ti>  Florida :  the  n^hn 
Storrr.  which  b;i8  the 
Che  alewffe;    and  the  m 
i^iia  iyrmmmms  Good^  which  extends  from  the  vm 
«r  Umm6  t«>  C¥|v  Hattenis.    These,  with  the  cod,  bak^ 
hiaModu  idtmou^  and  a  few  other  species,  comprise  nq 
iMil  fwMbk    nariM  6M»d*fiihes.      The  tli^lierif^  of  tl 
TTiMinl  SHiimyiM  about  19,000,000  annually,  whibii  the 
whf  timit  Rritain  anMW&l  U>  aboyt  IS^OOCOOO,  irnd  thoae  i 
K<hni^%  aki^t  «U.onoiomi. 
Tilt  h^ft^nir  ^^  «  dmfhwUtt  iah  which  visits  iho  coasl ; 
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spring  ia  immense  schDols,  in  which  the  females  ar^  three 
times  Bs  numerous  as  the  males,  to  epami,  selecting  shoal 
water  from  three  to  four  fathoms  deep  in  bays,  whtre  the 
eggs  hatch.  At  this  season,  and  early  in  the  summer,  hun- 
dreds of  milliona  are  caught,  especially  on  the  Canadian, 
Newfoundland,  and  Labrador  cooiHts*  The  English  white- 
bait is  the  young  of  the  herring.  The  herring  m  caught  in 
deep  nets  with  meshes  large  enough  to  capture  individuak 
of  ordinary  size,  the  nets  having  a  finer  megh  than  those 
used  for  the  mackerel  ti^hery. 

The  alewife  and  nhad  are  6aid  to  be  anadromouM,  from 
their  habit  early  in  spring  of  visiting  the  coast  and  ascend- 
ing rivers  in  vast  numbers  to  spawu.  The  eggs  are  of  mod- 
erate aizB ;  the  ovaries  are  said  to  contain  about  ^5^000,  and 


"t^^^^Ji 


Wtfi,  411^The  Herrins,  Ciftpm  harmffvt^  one  third  nmtaral  9he,—Yrom  the  AfMri' 

at  times  as  many  as  100,000  or  150,000  eggs.     They  are  dis- 
charged near  the   surface,   sinking  slowly  to  the  bottom ► 
^AThe  time  between  impregnation  and  hatching  varies  from 
Habout  three  to  six  days,  according  to  tivc  temperature*     The 
^nhad  eats  little  or  nothing  ia  fresh  water,  being  tlien  engaged 
^■in  the  act  of  reproduction.     Ii^  the  sea  they  live  on  small 
"CrOBtaceans,  such  aa  MysiSf  etc.    The  menhaden  is  now  put 
up  as  a  substitute  for  sardines,  and  is  of  great  value  as  fish- 
bait,  especially  in  the  mackerel  fishery,  and  for  its  oiL 

The  Tamily  Sahmmidm  comprise  the  salmon,  trout,  and 

whitefish,  with  a  number  of  species  and  varieties,      Tlie 

Hipecies  of  the  genus  Salmo  have  not  more  thjin  eleven  rays 

Hto  the  anal  fin,  while  the  salmon  of  the  west  coast,  quinnaif 

ML 


^ 


HofB  Seotia  to  Vir- 

CiiTiir^is  Tahtabfe 

Ike  iummt^r     Tlie 

ridge  along 

Ike 


t»  die  flMBe  s^kofdv^  i>r  irmtip  oC  fAiniliei 
i»  tfe  fmilr  Oalanuimf  fepraaetiled  bjr 
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The  carps  {Cifprinun),  shiners  and  minnows  aboiind  evpry- 
JwhiTu  in  the  Nurtheiii  States  in  ponds  and  weedy  streams.  The 
^biteilinghahrtijof  thcdace  {llhinxehthyH  atronmus  Mitchill) 
|liii?e  been  ubaerved  by  Dr*  tiregg.     The  females  spawn  over 
■*ntists^*  or  shallow  depressions  two  fuet  in  diameter  in  run- 
brooks  about  a  foot  deep  ;  the  mule  ])ivsse8  over  the 
fertilizing  them  ;  then  tiie  pair  bring  anmll    pebbles 
rhich  are  drop{>ed  over  the  eggs,  until  layer  after  layer  alter- 


¥^  -y 


T\%.  41S.— JV^veHafMO.— From  LQtkeii, 

uatcly  of  eggs  an<l  pclibles  are  deposited,  wlien  a  heap  is 

lomied,  tlie  young  butehing  out  and  remaining  amung  the 

ebbles  until  old  enough  t^  venture  out  into  tlio  i^trcam. 

iie  dace  is  closely  allied  to  the  chub  {Semo/iluH  rhofkeus 

ICojx?,  Fig.  415).     Sueceedirtg  them  are  the  suckers  (family 

\Ca}ostomidfp)  of  which  Catoftiomus  teres  Lesueur  k  an  ex- 

'ftmple. 

The  blind  fish  of  the  Mammoth  and  other  caves,  and  of 


Fig.  414.— Mnd-Mlnaow,— FroDi  Abbot. 

adjoining  wells  conuectlng  with  subterranean  Kt reams,  are 
remarkable  for  the  rudimentary  state  of  the  eyen,  and  eon- 
piently  of   color.      TluM*e  are    several  speeies,   the   most 
mmon  and  largest  bt'iiig  Awbltfopsifi  speifPifs  De  Kay  ;  this 
ies  is  viviparous.     Representing  the  family  Umbrklm  is 
mnd-niinnow  {Melanura  limi  Kirt.,  Fig,  414), 
The  flying-liBh  represent  another  fandly.     Their  pectoral 
18  are  verv  broiMV  and  larffr.     I'Ik^^  dari  from  the  water 
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with  great  speed  without  reference  to  the  oonrae  ot  ihel 

and  waves,     Tliey  make  no  regular  flying  motions  with  \ 

pectoral  aud  ventral    fins,   but    gpreiMi    them   out  qy 

though  very  rapid  vibrations  can  be  iseen  in  the  outit 

pectoral  fins.     They  umally  fly  farther 

with  it,  or  if  their  track  and  the  dirw-ii 

an  angle.     Most  fl>ing-tii5h  which  fly  against  or  wa 

wind  continue  in  their  whole  coureo  of  flight  in  the  ! 

rcction  in  which  they  eomo  out  of  the  water.     Winda  \ 

IjIow  from  one  side  on  to  the  original  track  of  ' 

their  course  inward.     All  Mi  which  arc  at  aui 

f  he  vessel  hover  in  their  whole  course  in  the  air  near  ibo  ms* 

face  of  the  water.     If  in  strong  winds  they  fly  agstnst  tk 


Flir*  415.— Th«  Lftrgtt  Cttob,  AmoMliw  rA«ll««w.  cmm  arth  tmUtml  iIm,— I 

course  of  the  waves,  then  they  fly  a  little  higher  ; 

they  cut  with   the  tail  into  the  ere^t  of  the  waves.       

such  flying-fi8h  rise  to  a  considemhle  height  {at  the  biglial 
by  chance,  T\\(^.  metres  alwivo  the  surface  of  the  iic«)  whoi 
course  in  the  air  becomes  obstructed  by  a  ve^iseL  In  Hk 
daytime  flying-fish  seldom  fall  on  the  deck  of  the  ship,  hi 
mostly  in  the  night ;  never  in  a  calm  (Moebius).  Whitowi 
claims  that  they  tnily  fly  and  can  change  their  ooom  i\ 
mid-air 

Following  the  flying-fish  is  the  family  repre^a ted  by  Ui 
silver  gar  or  liill-fi^h  (Behnn  hfi^iroMtru^  MitchiU,  Pig.  41^) 

The  xnckcr    (Echenein  remora  Lirui.)  occurn  alting   Ih 
ivliolo  eutiMt  of  this  VmVeiY  Vi\AVe%»  laiw^  \%  \n\vi>A  nSX  «p«.^  vVk 
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Bd  gubtropieal  seas.     It  is  provided  with  a  broad 

'  (»n  the  upper  side  of  the  head^  by  which  it  ad- 

►  other  fi^h  or  even  to  ehips,  and  mny  thus  be  tnma- 

lo^!  f>6»     Another  noticeable  member  of  the 

!  thi     ,  .      -Ii  (Pomaiomns  saltatrix  Linn*,  Fig.  417), 

bb  «8  a  food-gfih. 


L— T^  BiU4lih«  JSMoiMl 


-Prom  the  Amtricam  Jfaiuraiitt, 


do]phin  (Corffphefna)  is  gonietimes  found  upon  our 
it  it  ig  ossentiaUy  a  pelade  6sh,  occurring  only  out 
*  of  land  upon  the  high  seas.     The  pilot-figh  is  also 

form, 

erroid  fishes  are  rei»resented  by  the  perch  (Perc^  fin- 
iuu*)f  which  spawns  in  winter,  making  flight  hoi- 
ivel  in  shoal  places  in  ponds  ;  their  m^ovements 


*<3t 


I  Bhii»-i«Ei,  Pamakjmtms  aaliairim^  cmo  fdxth  nfttoril  8i»s.^lVom  thm 


Dhed  through  the  ice*     On  the  other  hand,  the 

OT  bream  {EupomoHs  anreuM  G,  and  J*)  spawns  in 
imer  time,  making  a  nest,  which  they  scoop  out  of 
r  boltom.  The  banded  sun-finh  {M^'soffoniating  vhm- 
fill)  occa»^iona11y  ficoops  out  a  httle  basin  in  the  sand« 
■f  it  deposits  its  eggs  iaU?  in  the  spring,     T\vc  ^v^l^i 


,  aad  vilh  fiie  femik  gUMri^  it  and  nftcrwiinb 

tin  tkej^aR  iwftrlT  «  cititiiiietre  (two-dfths  iach) 

IB  kaftk,  vfacn  tli^  sre  kit  br  Ibeir  {lar^nts.     (Abbot) 

Tht  dsiten»  m«iiinifrfj»  Woof  n^ar  the  ])cR*he8,  &tid 

fli#  imlkal  0f  fisbeft.    The}*  iubaUit  the  stmuns 

nf  tlw  Xiasiaapfv  VftlkT*     A  coomioii  ^tample  is  tbe  mtii- 

{Pkmrwkjm  f§Bmeidm$  Agmist,  Fig.  419). 


__^S^  ijBiS!^ 


Butar.— Aft4T  Jurdan. 


I 


The  nuUe  stickleback  {Gashrontens)  makes  an  elaborate 
neei  of  leHTeg,  etc  fiuspended  in  tnid-wnter,  witbin  uiiich  it 
remains  watching  the  eg^g^  and  young* 

One  of  the  most  valuable  foad-fished  is  Die  mackeiv>1 
{Sc^m^b^r  iieombntM  IJnn,,  Fig>  420),  whose  mnge  ii*  from 
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Orcenland  to  Capo  Hattents.  It  remains  iti  deep  water  dur- 
ing the  late  autumn  and  winter,  appro,u?hiug  the  eoast  in 
May  and  June  for  the  purjmse  of  spawning,  its  unnual 
appearance  being  very  regnhir.  The  numbi^r  of  Qgg%  de- 
posited in  one  ^ason  by  each  female  is  said  to  be  from  five 
to  six  hnndred  thousand.  After  spawning  they  move  north- 
ward, following  the  coast  until  they  are  cheeked  by  the 
coolness, of  the  wat-er,  when  they  return,  and  in  November 
seek  the  deep  water  again.  When  spawning  they  do  not 
take  the  book  ;  they  are  then  lean  ;  but  at  the  time  of  their 

Birinre  from  the  coast  they  an?  fut  and  plump.  (Blake.) 
eggs  of  the  mackerel  as  well  as  of  the  cod  are  so  light 
5  rifio  to  the  surface,  where  they  develop.  Allied  to  the 
kereU  though  of  great  size,  are  the  horse-mackerel  and 


Fl£<  40),— The  Maidkerelt  Sttml^  acombnu^  ooo  qUAiter  natural  «lzo  —After  Blak«. 

tThe  singular  Annhas  of  the  East  Indies  is  the  representa- 
tive of  a  small  group  of  fishes  called  Labijrinthivi  or  laby- 
Tinth-fishes,  in  allusion  to  a  cavity  on  the  upper  side  of  the 
branchial  cavity  on  the  first  gill-archcs»  contaiuiug  a  laby- 
rinthine organ,  which  consists  of  thin  plates,  develoiied 
from  the  upper  pharyngeal  bones,  enabling  the  fish  to  live 

I  for  a  long  time  out  of  water.  Annhas  mandenA  Ciivicr,  of 
the  fresh  watei^s  of  India,  will  travel  over  dry  land  from  one 
pond  to  another,  and  is  even  said  to  climb  trees  by  means 
of  the  spines  in  \ts  fius. 
Near  the  head  of  the  order  stands  the  cunncr  {Tauhffola' 
hru8  (uhpersim  ttill),  whose  anatomy  is  represented  by  Figa, 
™  3^^401.     P»iJ=8ing  over  the  tautog,  the  voracious  wolf-fish 
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is  long  and  narrow,  and  the  viviparous  ©el-pout  (ZoorrMJ^thil 
cottjuiib  or  8culj»in8,  and  a  number  of  allied  forms,  we  eome-i 
to  the  \\Bk^(Merhiciui^  bilinmri$  Gdl),  the  haddock  {MtioMi^ 
grammuB  mgl^nus  Gill^  Fig.  421),  and  cod  { Gadm  monhuA 


^^ 


Liun.,  Fig,  422)*  all  of  which  extend  northwards  fmm  C'ttp 
Hattenis^  the  cod  ahoiinding  on  both  Hides  of  the  Atlantia 
Itoing  a  circnmjMilar  t^\u  The  cod  does  not,  as  fortnerq 
«M Pissed,  migrate  alon^  the  eoast^  but  seeks  the  civd  tem(K 
ralure  to  wliich  it  is  adapted  by  gradually  passing  in  th 


^ 


t\j  •mntner  from  shallow  to  deep  water,  and  reluming 
grow**  ei*^!*T.     It  visit^s  the  ghallow  water  of  Ma 
^  BiL  ^   tlie  tir«t  of  November 

h   th'|>o«it43  its  eggs.     Abotil 
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kt  or  nine  million  of  eggs  are  annually  depogited  by  each 
(Blake.)  The  q%^  liiid  by  the  cod  rise  to  the  sur- 
of  the  water,  on  which  they  float.  The  youug  fish 
on  the  New  Englaod  cosist  in  twenty  days  after  they 
leitnided.  Scvei-al  millions  of  cod  were  artiBciaUy  hatched 
It  (iloiiO60tier^  Masg«y  in  the  winter  of  1878-t»,  by  tlie  United 
btetes  Fish  ComtoiBsion ;  it  has  thu^  been  demonstrated 
thig  fUh  Clin  be  artificially  propagated. 

ood   is  iho  most  important  of   all   the    food-fijiiea, 

er  wt  consider  the  number  taken  and  the  amount  of 

in%v>hed  in  .the  cod-fis^hery.      It  abounds  most  on 

nk«  of  Newfrnindland.     The  breeding  habits 

.  Lk,  hake  and  poUoek  arc  probably  like  those  of 

Fiera*fer  is  a  small  eeUhke  fish,  with  a  long,  thiu  tail.  It 
( typicarf  of  a  j^einiliar  family,  and  is  noteworthy  fmm  beirig 
*  commensar' or  boarder  in  the  digestive  canal  of  IIoU> 
as,  etc.  F,  acus  Brflnn.  lives  in  Holuthurians,  and 
er  eptx^ies  in  a  star-ftsh  {Ciilcita).  The  BrohdidfE  are 
allied  to  the  cod,  bnt  constituting  a  distinct  family. 
VMiof  them  are  salt-water  species,  but  allied  forms  (Luci' 
/^a  gubierrnneus  and  Stygicola  dentata)  live  in  subterra- 
xmul  waters  in  Cuba. 

At  the  hciid  of  TeleocepliaU  stand  the  flounders,  halihut 
^iid  aoles,  which  are  an  extremely  modified  type  of  the  order. 
these  fishes  the  body  is  very  unsymmetrical,  the  fish  vir- 
klly  swimming  on  one  side,  the  eyes  being  on  the  upper 
tli6  head.  The  upper  side  is  colored  dark,  due  as  in 
lies  to  pigment-cells  ;  the  lower  side  is  colorless,  the 
|i!gment-cells  being  undeveloped.  When  first  hatched  the 
^Vdyof  the  flounder  is  symmetricaU  and  in  form  is  S4)me* 
*biit  cylindrical  like  the  young  of  other  fishes,  ewimming 
^trtkafly  as  they  do,  and  with  pigment-cells  on  the  under- 
lie uf  the  body.  Steenatrup  first  showed  by  a  series  of 
BiWQBi  Specimens  that  the  flounder  was  not  born  with  the 
(Jfiion  the  same  side  of  the  head,  hut  that  one  eye  gradually 
]^mA  from  the  blind  to  the  colored  side.  Mr.  A.  Agassiz 
nttfiadied  the  proci^s,  and  finds  that  the  transfer  of  the  eye 
"^  '    '  "ind  aide  to  the  oolore<l  side  occurs  very  early  in 
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life,  while  all  the  facial  bonca  of  the  &kuU  are  giill 
nous^  long  before  they  become  hard  and  oeaified^  i.^,*^^ 
the  flounder  {Pla^usia)  \n  tweuty-fiTe  millimetres  (one  imok) 
long,  **The  tninsfer  of  the  eye  fi-om  the  right  t^idetafa 
left  takes  place  by  moana  of  a  movement  of  traiiilation,  «> 
companied  and  supplemented  by  a  moTement  of  mtatiMi 
orer  the  frontal  bone;."  Young  flounders,  when  Icsa  Um 
hi'o  inched  in  length,  are  remarkably  Jictive  compunNl  with 
the  adults,  darting  nipidly  through  the  water  alter  tiitir 
food,  which  conaisU  principally  of  larval*  surface-swimnung 
crustac(^ius  etc.  (A,  Agassiz, )  The  common  flounder  from 
Nova  Scotia  to  Cape  Hatteras  u  P^udopleuromdt^  Amm- 
canus  of  GiU, 


Fig.  4iS.— OooM^lliht  OM  Itnta  ii«tur«l  ftl^e.-FVoin  Tc9iity*t  Xmkn^ 


Order  6.  PediculaH.—The 
fi«h*  The  name  was  given 
Blender  bones  supporting  the 
ings  are  small  and  placed  in 
phius pificatoriHs  Linn.j  the 
hag  an  enormous  mnnih«  and 
as  itself.  The  liead  and  fore- 
the  fikin  u  nakecl,  sealeless. 
ribbon -like,  thin  gelatinous 
half  a  metre  wide,  which 
ocean. 

Order  1.  Lophobranrhiu  -The  tufted-gilkni  fidi-Hiiicfc  *< 
name  of  the  order  iwV\^wU»— Vw^^^^V^wwsartilaginoniik*" 


type  of  thi»  order  is  tiie  goo*- 

to  the  group   from  the  lon| 

jiectoral  fing.     The  gin-oi«*»' 

axils  of  the  jxHit^nil  fiua.    J^ 

goose-ilfih  or  angler  (Fig.  i^^» 

swallows  fishes  nc^T  «« Is^P 

part  of  the  IxKiy  is  veiy  la*j^» 

Its  e^^  arc  laid  in  Xix^ 

masses,  two  metnti  long  9/A 

float  on   the    sorfaoe   of  ^ 


A 
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»ti ;  A  ritiple  opercular  bone,  while  the  snout  and  lower 

iir  are   prolonged   into  a   tube,  with    the   mouth   at  the 

id.     The  chief  pcculiurity,  however,  is  the  gills^  which  are 

velo{^»ed  in  the  form  of  a  row  of  tufted  lobes  on  each  side 

of  the  branchial  arches.     The  scales  are  large,  forming  an- 

lar  plates  arranged  in  longitudinal  rows  (Gill).     In  Sole- 

^^ftmia  of  the  Indian  Ocean  the  female  carries  the  eggs  in 

a  pouch  formed  by  the  union  of  the  ventral  tins  with  the 

integument  of  the  breast. 

The  male  of  the  pipe-fish  {Syngnathus  peckianna  Storer) 
leoeives  from  the  female  the  eggs,  and  candies  them  in  a 
small  pouch  under 
his  tail,  which  is 
open  beneath 
through  its  whole 
length.  This  sin- 
gular mode  of  mas- 
culine gestation  is 
still  farther  per- 
fected in  the  sea- 
horse ( Hippoeam  - 
pus  huchoniufi  De 
Kay,  Fig.  42^^), 
which  lives  off- 
shore from  Cape 
Cod  to  Cape  Hat- 
terafi).  The  pouch 
is  sitnated  on    the 

breast  The  male,  by  simple  mechanical  pi-essura  of  its 
tail,  or  by  rubbing  against  some  fixed  object,  as  a  shell, 
forces  the  fry,  to  the  number  of  about  a  thousand,  out  of  it% 
brood -pouch,  the  young  at  this  time  measuring  about  twelve 
millimetres  (5-6  lines)  in  length.  In  the  young  the  head  is 
at  first  rounded,  the  snont  being  short  and  blunt  (Lock wood). 
^K  Offler  8.  Phctognnihi. — This  group,  re|>reseuted  by  a  few 
^^Bliguhir  forms,  such  as  the  tnink-fkh,  file-fish,  puffers,  and 
^Bftn-fish,  is  charac^terized  by  tlie  union  of  tlio  hones  of  the 
^^pper  and  especially  the  lower  jjtws.  Them  are  few  vorte- 
bne,  the  scales  are  often  modiHed  to  form  giiiues,  and  the 


Pie.  494.— Sea-hame,  irittle,  wUb  the  roungiMiiiiiip 
from  tao  brood -DOQch.— After  Lockwoon. 
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ventral  fins  are  usually  absent  They  are  inhabitanl 
waters.  The  trutik-fish  or  box-fish,  Laciophryi  tt 
Poey,  is  a  West  Indian  fish  ;  one  specimen  baa  appeufi 
Holmes'  Hole,  Mass.  The  porcupine  -  fish  {VkilieU 
furgidus  Gill)  and  smooth  puffer  ( Teirodim  Imvignim  fl 
and  the  spring  box-fish  {ChilotnyderuH  geotnsiricui 


Pig,  4l5*-dtiD  flib*  Mofa  rohmOa,  OM 


mtsrti  itM  ^AflK  I 


mngo  from  Cape  God  to  Florida.     The  iiiii«fiih  (J 
iunda  CuTier^  Fig.  4'45)  U,  like  the  othera  irf  tho 
surfoce*  swimmer.      It  is  sometimes  a  mete 
length*  weighing  five  hundred   pciunds  or 
forme  are  Orthnffon.icu»  ablongms  (Fig.  4$G) 
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\  MolaeanihuM  Pattasii  (Fig.  437),  which  oocar  in  the 
nth  Atlantic. 


(.  496.—  OrOUifforigcut  obUm(pu,  yoang,  natural 
-After  Hardng. 


ctmtAw  PaUaM. 
half  growii,  natarnl 
■Izc.— Afler    Fat- 
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matie  VertebrateM  with  a  mawMe  Unoer  jaw,  a  enrtUaginoui  or 
u  tkeUton,  with  paired  and  vnpaired  finn  supported  by  fin  rays  ; 
ernum;  ugttcUly  covered  with  xalen;  breathing  by  gills.  Heart 
a  tin^  ventricle  and  auricle.    Mostly  oviparous. 

am  I.  ElasnnabranehiL — Skeleton  cartila^aous  ;  Bkall  without 
membrane  bones,  five  to  seven  purs  of  gill-sacs  and  gill- 
openings ;  no  opercnlar  bones ;  tail  beterocercal ;  scales 
placoid ;  heart  with  a  pulsatin^c  aortic  bulb ;  optic  nerves 
fonning  a  chiasma ;  intestine  with  a  spiral  valve ;  both 
oviparous  and  viviparous. 

Order  1.  PlagiotUmi  (Selache,  Lamna,  Raja). 
Order  2.  HaloeephaU  (Chim»ra). 

us  II.  Oanoidei.'-^\i»\fAaa  cartilaginous  or  ossified  ;  skull  with 
p1ate>llke  membrane  bones ;  one  pair  of  gill-openings  cov- 
ered bj  opercular  bones ;  skin  usually  with  cycloid  or  ffsn- 
oid  scales ;  air-bladder  with  a  pneumatic  duct ;  embryos  or 
young  sometimes  with  external  gills  ;  chiasma  of  the  optic 
.  nerves;  intestine  with  a  spiral  valve;  devdopment,  so  far 
as  known,  much  as  in  the  sharks,  and  in  some  respects  like 
the  bony,  fishes ;  the  living  forms  oviparous. 

Order  1.  Chondroganoidei  (Acipcnsor). 
Order  2.  Dipnoi  (Ceratodus,  I/epidosiren). 


tM  zooLoor, 

Orders.  ^mnM^^ajt^Xfi (Foljrpterufi). 
OrdBrA,  HyoganmidH  (bepldoeienB,  Anik). 

IlL  TeUasteL— Skeleton  bonj;  skull  componed  of  iiaia«fQiu 
bones  ;  ojnic  nerves  t:ro6»hig  e»cli  otUe r  ;  ustially  fnixf  jsifi 
of  g\l\»,  with  B«vem]  opercular  bones  ;  beurt  wiikoul  a  cane, 
but  wiiH  an  im^rial  bnlb ;  inteatlne  generaltjr  uritUoul  • 
apimi  val\re  ;  mostly  oviparous. 

Order  L  Opitthomi  (NciUcaaiboa). 

Order  t,  Apode*  ikngnWln). 

Ordfr  Zn  Neffkftti^naihi  (Aniionis). 

Order  4,  Styph&phori  (Mormjrun). 

Order  5.  TfUorcphaii  (Sal  mo,  Petrca,  (iadtui). 

Order  %.  Pedknlaii  (L^tpliins). 

Order  7.  L^pfwbraRchii  (Hippocampus). 

Ordfr  8.  Pla-iftffnathi  (Tetrodon.  Mola). 

htlmrnti>ry  Work, — Fiabes  should  usually  be  di8!K»ctcd,  except  m\¥m 
1arp%  under  the  water;  small  specimenfi  can  bt>  pinned  down  to  tliw 
b^ittotu  of  eorli.  or  waiE -lined  disaecting  pans,  and  the  more  delicate 
parlH  worlied  out  witb  fine  sciasorg  and  Univoa.  The  brain  and  spinal 
cord  can  be  dissected  with  ea^e,  provided  care  l>e  taken,  with  acalpd 
and  scit»sors,  a«  the  bones  covering  tlii-ni  can  be  cut  »%vay  by  nramtof 
stout  scissors  and  bone-pliers  and  Une  stirfricixl  fniwR,  Longitodinftl 
flections  will  brinjy  out  tlie  reUitions  of  the  bniin  and  beginnings  of  tbr 
nerves,  and  tmnsverse  flections  of  the  tail  may  U*  made  to  nUow  lfa« 
dlBpoeiiion  of  liie  maacles.  The  skeleton  may  be  prvfArsd  wtioU*  by 
removing  the  flesb  carefully  from  aJoobolic  or  |mrt1y  niacerat4d  aiwd 
mens.  Disarticulated  skeletons  for  study  can  bo  made  by  parboiBnir 
the  lisb  and  tlien  sepamting  the  bones  from  the  flesh*  To  aiodj  th# 
circulation,  careful  injections  shoulii  t^e  made  l)y  the  use  of  an  lojac^ 
ing  svringe,  with  wax«  piaster  of  Paris«  or  vermiUon  mB  the  i^jiicCln; 
medium. 


CtiikSS  IV.— Batrachu  {Salamanders,  TVwfa,  and  fHff9}. 

General  Chanioters  of  Batraohians. — We  havo  hud  an- 
ticipations of  the  Batmchiitus  or  Amphibia  in  tho  Oanoidi, 
e^fMrittlly  I^h'  T>i]mortn  fishos,  which  it  will  be  remom!a'n>d 
approach  the  members  of  the  prt^scnt  class  in  Llio  lung-Uko 
niitiiro  of  thr  nir-bhidder  and  in  the  presence  of  ext 


ng'Uko    I 
xtenial   I 
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pib  in  the  young,  as  well  as  in  the  form  of  the  skull,  there 
leing  many  bony  parts  in  the  skull  which  resemble  similar 
irts  in  Batriichia.  Indeed  so  close  in  some  characters  is  the 
pfffoximation  of  the  fishes  to  the  Batrachians,  that  the  two 
bnes  have  been  placed  in  a  series  called  Ichthyopsida.  The 
^itrachians,  howeyer,  differ  essentially  from  the  fishes  in  hav- 
ig  the  bones  of  the  skull  few,  directly  comparable  with 
tose  of  reptiles,  birds,  and  mammals,  and  in  being  jointed 
'  the  Yertebral  column  by  two  articular  surfaces  called  con- 
fks,  the  first  Tertebi*a,  or  atlas,  having  two  corresponding 
ticulating  hollows.  The  limbs  have  the  same  number  of 
bdivisions,  with  distinct  leverage  systems,  as  the  higher 
urtcbrates,  the  bones  composing  them  being  closely  homol- 
ous.  True  ribs  now  appear.  Some  have  persistent  exter- 
l  gills,  and  all  have  well-developed  lungs.  So  that  for  the 
st  time  we  have  the  coexistence  of  true  limbs  and  lungs 
animals  which  are  air-breathing  and  move  about  freely  on 
id,  though  from  jjassing  a  part  of  their  adult  life  in  or 
rat  fresh  water  they  arc  said  to  be  amphibious.  The  skin 
iBually  scaleless.  The  circulation  is  incompletely  double, 
(re  being  sometimes  two  auricles.  Like  fishes,  they  are 
d-blooded.  They  are  mostly  oviparous,  a  few  are  vivipa- 
18,  and  nearly  all  undergo  a  metamoqjhosis. 
To  enter  more  into  detail  :    The  vertebrae  of  Batraehians 

in  the  living  Proteus  and  allies,  and  in  the  blind-worms 
peda)  biconcave  ;  in  the  salamanders  and  in  the  Surinam 
d  (Pipa)  and  BoniUiiator  they  are  concave  behind,  but 
the  toads  and  frogs  generally  they  are  for  the  most  part 
icavo  in  front,  but  vary  in  different  parts  of  the  spinal 
amn,  some  of  the  same  individuals  being  biconvex  and 
icrs  biconcave.  While  the  vertebrae  are  numerous  in  tlie 
led  forms,  in  the  tailless  toads  and  frogs  there  arc  but 
yen,  two  in  the  coccyx,  one  in  the  sacrum,  the  remaining 
ht  forming  the  rest  of  the  column.     In  the  frog,  wlien 

taildisapix^ars,  a  long,  spine-like  piece  (Fig.  428,  <^)  called 
\urostyle  is  developed  from  the  rudiments  of  a  few  verte- 
3.  In  the  extinct  Archegosaurus  the  bodies  of  the  verte- 
5  arc  but  little  ossified  ;  in  TrimerorhachU  they  arc  rep- 
ented by  the  l>ony  rings  of  three  segments,  while  in  allied 


Jim 


In  Vriciiiu 

iDd  mi$t€»nira.    The 

tW  hUfid-wonns  {Caalk). 

it  differs  from 

itiogtl:  in, 

li  -  .  ■'lal 

vitb  tlie  preopeitu* 

«m  maalty  and  the  |)rc- 

Jhranocd  with  u^ih :  no 

1»900Ct{»ital^  enpmood- 

pka),  bifii;^h€iioid»  «£• 

ipiieiioid,    or   pn^be* 

Mil   ctfdlige   bo]i«; 

wbat  *'ilu!  fit^^fl  BkuU 

ii  di»M«ti^rued  bjr  Iki 

t  ol  A  fllj 

eutili^  boii^, 

tmSkd  br  Cianer  tho  *»• 

f«cmi/]fre^*  or  giidle- 

bdoe."*    (Httxlej.) 

Hm  itmbiToiuc  c»rth 
li|^  penuls  in  th^  low- 
er jaw  in  aditlt  Bttit^ 
duaitt  as  iu  fishest  ^ 
botty  pazta  ane  defekped 
tn  oomieeliQn  with  it 
whteh  caBentiallj  cam- 
ipood  to  those  cdt  fiahia 
(G^genfaaiir,) 


i  m  tmmsffMf  jomei  to  the  akntl,  miil 
tlie  hjotdean  Mrch.      The  binDchuJ 
I  jmmst  m  wmrring  nambers,  L^., 
Ar.  bat  af«  dropped  id  th^  toads  jiad  firigs.  7hp 
\9ttmtmn  I^brniilliodQiila  are  roolMl  iu  by  bniotL 
so  that  thet  bear  a  itroag  nsemblajioQ  to  i.*ei1ai]i 
Bptwnalid  br  the  g»rpike«  while  Oegrabatir  staid 
tlMil  tliCTc*  are  flatty  bony  partd  in  tht;^  skull  of  the  BalYa- 
ft  vhieh  raeriahk  ifao^  in  the  Dipnoaii  fishes*    The  er 


d^dbMi^ 
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liBCt  Arehego9auruB  had  in  its  larval  life  branchial  arches, 
nd  in  &ct  so  close  are  the  affinities  of  some  Amphibians  to 
the  Ganoids  that  it  is  probable  that  both  types  have  had  a  com- 
■on  origin ;  while  on  the  other  hand  the  bones  of  certain 
Mtinct  scaly  Labyrinthodonts  have  been  regarded  by  some 
mfliors  as  reptilian  ;  for  example,  the  Carboniferous  Mcts- 
ioionsaumswBs  described  as  a  reptile,  but  has  been  referred 
to  the  Amphibians  by  modem  writers. 

The  sternum  or  breast-bone  (Fig.  429,  g)  first  appears  in 
the  Batrachians.  The  shoulder-girdle  is  in  great  park  carti- 
hginoiis.  In  the  toads  and 
frogs  (Anura)  the  fore  limbs, 
the  radius,  and  ulna,  and  in 
the  hind  limbs  the  tibia  and 
fibula,  grow  together ;  there 
axe  four  toes  in  the  fore  feet, 
and  five  toes  in  the  hind  feet. 
In  the  Siren  the  hind  legs  are     ni^.  489.-steninm  and  Bhouidcr-pirdie 

vmntincr  •  in  fhp  pnnfrn.snnkos  **!  ^"^  ^^'"^  Umporaria).  p.  body  t)f 
wanung  ,  in  xne  COngO-snaietS  ^^^^  stemnm  ;  «?,  KapnU  ;  «^,  supra-wap- 
{  An»nkif£mn\  ihtk  limha  ArA  nla ;  a>,  coracoid-bone,  fuHod  in  the  niid- 
either  two  or  three-toed.  ***•  <*)?  <*'/  <^l'»^*cic •  e  epist<nmin    The 

iHvu^A   v^y,  y,M.   i,u«^%/  v^^xA.  exlremc  shaded  double  portion  below  ^ 

The    teeth    of    modem    Ba-   *•»  l*»«  xiphistemum.     The  cmtilai^inoiw 
-  ,  .111.        l»arto  are  shaded.  — After  Gegenbaur. 

trachians  are  conical  or  lobate, 

and  microscopically  are  simple,  while  those  of  the  extinct 
forms  are  mostly  complicated  by  the  labyrintliinc  infolding 
of  the  walls,  as  seen  in  microscopic  sections ;  the  teeth  of 
many  Ganoids  have  a  similar,  though  much  simpler  struc- 
ture. They  are  usually  of  the  same  size,  and  may  be  ar- 
ranged on  projecting  portions  of  different  bones  of  the  mouth, 
ue.y  the  premaxillary,  maxillary,  raandibnliir,  vomerine,  pal- 
atine, and  pterygoid  bones,  as  in  fishes.  In  tadpoles  and 
in  Siren  the  jaw-bones  are  encased  in  horny  beaks  like  those 
of  turtles  and  birds.  In  many  Labyrinthodonts  two  tusk8 
were  developed  on  the  palate.  Tlie  nasal  canal  is  much  as 
in  the  Dipnoan  fish,  the  internal  opening  being  situated  in 
the  Perennibranchiates  just  within  the  soft  margin  of  the 
mouth.  In  the  salamanders  and  frogs  it  is  bordered  with 
Brmer  parts  of  the  jaw.  The  labyi-inth  of  the  car  is  large, 
ftnd  the  tympanum  or  drum  of  the  ear  is  external,  Am« 


phibiauft  liaving  a  middle  ear  in  addition  to  tlie  itit^mal 
of  fiishufi.     Iti  totub  and  frugs  the  tongue  u  quite  fm  a^j 
capahle  of  beinp  pn>trudet|,  except  in  Pijm  and  Dmk 
thru,  where   it  is  entirely   wanting.      In  oUier  fonns 
t(»ngae  is  much  as  in  lisbeg,  not  lieing  ejifiable  of  e3jt4*it*ion 

frtHn    the    niouih*     A*  m 
fishes,  there  utv  ua  galivatr 
glands.     The  gills  of  Am- 
phibians consist  of  t^o  or 
three    pairs    of    bnijicbed, 
fJeshy     ai»pendugeH,    which 
grow    out    from    iis   nmuj 
arehes.     While  in  the  tou^ 
and  frog  the  gilU  iitit  small 
and  remain  but  for  a  short 
time,  in  the  larval  Falaman* 
dere,  especially  the  aiolotl 
(Fig.  430),  the  gill*  are  still 
longer    retained,    while  ia 
the  mud -puppy  (XfdurMi) 
they  jwrsist  throughout  lift 
The  digest  ivc  eanal  k  us- 
nally  simple,  straight.,  then* 
being  no  enlargement  fnm- 
ing   a   stomach  ;    in   uiher 
gpeeies,    both    taillesa   and 
taiknh  the  cjinal  dilates  into 
a    ^omach»    which    ia  the 
toad  lies  across  the  body* 
cavity.     In  tadjioles,  which 
live   on  decuying  vegelaiile 
nuitter,  the  digestive  tnict 
From  oon«i*  [g  very  long  and  closely  eoil* 
ed  (Fig,  4ai). 
The  lungs  are  long,  slender  ^ars,  much  like  thoFe  of 
Dipnoan  Lepldosiren^  which  exti'ud  luickwards  into  the 
damen,  as  in  the  lif^ard^  and  snakes,  no  diaphragm  exiatiiig 
to  confine  them  in  a  thoracic  cavity.     The  larynx  exiate  in 
a  very  rudimentary  state,  though  the  vocal  p<»wer8  of  tht- 


nil  iL     P,   pu 

frtjia  whidi   r  ,;.  ,1,.,  (,/j:i  urigi- 
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loa^ls  and  frogs  are   so  liiglily  duvelo]K3(l.     Tlie  trachea  is 
Bhort. 

The  heart  has  two  auricles,  the  right  one  the  larger,  and  a 
angle  yentricle ;  but  in  Protetis  the  auricles  connect  with 
(ich  other,  and  in  the  salamanders  there  is  a  hole  in  the  par- 
tition separating  the  auricles.     There  are  also  indications  of 


Flff.  4Sl.-MoaUi  and  dlgetUve 
cuwJ  of  a  Tadpole.  A,  month ;  b, 
Intcatioe  colled  on  Itnelf ;  r,  liver ; 
cf,  hepatic  dact:  «,  pancreao;  /, 
rndlmentary  hind  \m  ;  g,  rectnm. 
—After  Qervaiv  and  van  Beneden. 

a  partition  in  the  ventricle.  Fig. 
432  represents  the  circulatory  or- 
gans of  a  tadpole,  after  the  gills 
have  become  absorbed,  and  before 
the  aortic  arches  are  reduced  in 
number. 

The  nervous  system  is  much 
as  in  reptiles  ;  but  the  optic  lobes 
are  rather  small ;  the  cerebrum  is  small.  The  kidneys  are 
in  many  re8])ects  like  those  of  fishes,  especially  sharks,  as 
is  the  internal  repi-oductive  system.  Tlie  ovaries  are  greatly 
enlarged  during  the  breeding  season.  The  sperm  is  usually 
pasRed  to  the  kidney,  and  thence  through  the  ureters  out  of 
the  cloaca.     The  oviducts  and  ureters  have  a  common  outlet 


Fig.  433.— Tadpole  of  a  Frojr.  1, 
vena  cava;  2,ri^htaurlrle  ;  3,  pul- 
monary vein  and  its  oriksin  in  the 
two  lun{»H ;  4,  left  auricle ;  5,  ven- 
tricle ;  6,  arterial  bulb  ;  7,  branchi  il 
artery  and  itn  internal  hranche»« ;  8, 
branchial  veins  ;  9,  aorta ;  10,  oul- 
monarv  artery  and  iits  Mibdivisif.>n« 
In  the  lungs.— After  UcrvaLei  and  Van 
Benedeu. 
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iltotte€b«Ci     In  tki  liihanMidt  .4  of  the  o\d\ 

tidied  lo  lli«  ftBimor  end  of  ilie  reproductive  gbiid»  ot 
taMb  and  bvpi  tlie  use  of  wkkli  id  imknowii.  For  a 
imi  idm  ol  tlie  Kraetnre  ol  Anphibiftng  the  student  el  _ 
i  a  feqf  or  load  ia  oomtectioii  with  the  fulluwing  dm 
I  aod  anxMapanjiug  iUttsOrutitui  {fig.  423),  paparp^ 
If  Dr.  C.  a  Miaot. 

IW  tng  m  «B0  of  the  types  of  Vertebmtes  mmi  ruluabte 
ia  die  iCadeult  htSmg  neadilj  obtained  and  ca«tly  disaeeknl 
figon;  TTprea^nta  the  anatomy  of  tiie 
eopaid  froi^  Bana  kalecina^  laale. 
m  smootli,  hariag  neitber  aealea,  fcatben,  &or 
nanteroos  microscopic  glands^  of  which 
I  to  be  two  kinds — one  hiiTiugau  aeid,  tbe  oilier 
(L.  Hermaiui).  It  h  pigmented  00 
bat  whitish  underneath.  1'he  hcwd  ii 
r,  with  two  large  nasal  openings  in  (root, 
il  €j^  two  tympanic  mcmbmnea  fi>m«il 
Iw  m  fMt  «l  Upa  taligiinient  stretched  across  a  hard  ring, 
mi  wm  wmmmmB  ttcmth.  The  neck  ia  ^ort  and  not  cm- 
aiMii4  Tba  body  tapem  iltgfatlj  poat4?rior]y^  and  has  tliv 
ayaMHf  if  dM  dottoa  npoo  the  posterlur  end  of  iU  bicL 
&db  Kwib  fRHttUs  of  the  three  dirUions :  in  the  fmnt  k{» 
NV  and  pmntis  with  four  digit««  0I 
i  the  tMVth  k  iviy  niiieh  thickened  in  the  rn^i/f ;  tb 
MT  be  disdagaisbad  by  dm  mark.  In  the  hind  k| 
Mi  divisMis  are  die  ftmmr^  crmt^  and  /v«,  with  in 
twieii  which  the  membranous  web  U  stretched. 
If  dM  ««b  ia  eiamiiiiid  m  a  lifing  '  .vi^^opei 

diecaroaalionfrfawUoodiitdiei^^  tudied, 

IW  cfiirait  of  corpoaclis  and  plasma  is  constant,  and  in  a 
gmm  laawl  paana  only  ta  one  direction  ;  by  following  the 
amaai  batiiaiJi  and  forwardd  it  wilt  be  found  to 
ttom  htgst  vtonil^  the  artaiiea,  and  to  enter  into  other 
il  fOflBilfl,  Ibe  veins.  The  [ugment  corpuscles 
i  he  OMi  in  the  web ;  Ihey  are  branching  bodies,  capable 
dUawii^  in  or  esqianding  their  processes,  and  t '  1^ 

lie  to  oontfaol  t^an  elecUical  shock  irom  tti  laa 

namto^ 


iHlli 
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Slit  oiK'ii  the  skin  along  the  mcfliaii  wiitral  line  the 
Whole  length  of  the  animal,  turn  the  skin  back,  and  then 
oat  through  the  muscular  walls  of  the  abdomen,  being  care- 
ful not  to  injure  the  underlying  organs.  The  viscera  will 
then  be  exposed :  the  coiled  intestine,  the  large  liver,  and  in 
the  female  the  sexual  organs  at  either  side;  finally,  pos- 
teriorly, the  thin-walled  bladder,  B.  The  next  step  is  to 
seize  the  posterior  end  of  the  sternum  with  a  pair  of  for- 
ceps, lift  it  up,  cut  the  fibres  which  ran  from  its  under  sur- 
fiice,  and  cut  with  a  pair  of  strong  scissors  along  both  sides 
of  the  sternum  and  around  its  anterior  end,  so  as  to  remove 
it  entirely.  Underneath  the  sternum  lies  a  thin- walled  bag, 
the  pericardium^  enclosing  the  heart  On  either  side  are 
the  Inngs. 

To  complete  the  preparation  dissect  out  the  intestine,  by 
catting  through  the  mesentery ;  follow  it  to  the  stomach, 
which  must  be  separated  from  the  oesophagus  and  drawn- 
aside  together  with  the  intestine,  while  tlie  liver  must  be 
tamed  over  to  the  right  of  the  animal.  The  pericardium 
mast  be  cut  through  and,  removed  without  injury  to  the 
heart;  finally,  the  skin  must  be  removed  from  tlie  hind 
legs.  If  the  dissection  is  of  a  male,  it  will  then  appear  very 
mnch  as  in  the  figure. 

The  heart  is  conical  in  shape  ;  its  apex  points  backwards, 
and  is  formed  by  a  single  chamber,  the  ventricle,  with  thick 
muscnlar  walls,  from  which  springs  on  the  vent  ml  surface  a 
little  to  the  right  the  truticus  arteriosus  (Ao),  whieli  runs 
forward  and  divides  into  the  two  aortic  arches.  The  base  of 
the  heart  contains  two  chanjbers,  the  right  and  left  auricles, 
the  separation  of  which  is  not  marked  externally.  A  largo 
vein  (  V)  passes  from  the  liver  to  the  back  of  the  heart.,  and 
there  empties  into  a  thin-walled  sac,  the  sinus  ve)wsus, 
which  also  receives  on  either  side  a  vein  from  above,  the 
vena  cavw  superiores.  The  vein  fmm  the  liver  receives  also 
the  genital  and  renal  veins,  and  is  then  called  the  veua  cava 
inferior.  As  the  heart  continues  to  beat  for  many  hours 
after  a  frog  has  been  killed,  if  a  fresh  specimen  is  taken  for 
dissection  the  rythmically  alternating  dilatations  and  con- 
tractions may  be  observed.     The  order  of  contraction  is, 


;  ^  both  aanclcs ;  3d,  tbe  reiiti 


tkc  faeut  oimT  be  seen  the  vn 
Vf  ikm  haid  ringi  of  cartilagt*.  tinJ  I 
■  fnmt  of  the  4*ortic  arches  and  gkvi^ 
V  the  bfooehiy  vhieh  run  djr 
TW  tmAa  oinrfiea  the  cBaopha^it,  whicfj 
■m  m  Ae  rtBMiich  (S^).    On  cither  nde  of  tbe  1 

kft  fifvr  (X«)  tt  a  fatfge  brown  mMii^  compond 
Oe  left  is  tbe  l«fger,  and  euMiTid 
the  tvo  lobes  liee  a  email  greeniish 
(1)^    The  Imr  reoeitce  a  laige  Teiu  ( //r ) ; 
;  this  is  the  pottal  vein*  which  disiribata»  I 
the  blood  wUeh  haa  alread;  ooee  pasded  tlm)ug 
ef  the  oAer  abdomiiial  visoera.    Tbe  bapati 
hkMid  from  the  liTer  diteedy  to  the  heart 


7W  «*«— fifh  {StU  when  i«  #i/«,  lies  on  the  left  side  i 
csfitj,  ha  eenphsgeel  end  being  tl     ' 

hito  the  iiiiertiiie»  whU^h  is  of  t 
» but  terminalei  in  the  dilated  rectum  \H)^  \ 
•ptM  into  the  cloaca*     To  the  ventral  mt 
is  appended  the  bladder  (B).     IdiImh! ded 
the  oommencemi'nt  of  the  intestine  in  i] 
the  panereea,  not  repreaented  in  the  I 
and  a  iiiile  &rlher  from  the  stomach  a  small  roond  j 
hadT.the8|ilmi(5;>). 

n»  kidttep  (JTa)  are  two  elongated  deep  red  bodi<!^ j 
wkidi  laa  a  nnmber  of  yellow  giMta,  the  atlnnal  fk 
The  renal  docts  ariae  from  tbe  outer  and  anterior  porl^ 
thekidMjsand  then  run  backwards  as  two  white  coiifti| 
canals  (ri),  at  fiiat  rery  narrow,  then  widen? 
lag  with  a  dilatatioD  immediiitt'ly  before  thev 
cloaca.    Tbeee  duets  ^erre  at  once  as  urtiers  and  nuo  < 
rniHm.    In  front  of  tbe  kidneys  lie  a  (lair  of  oval 
bodie«»  tbe  leslea  (7#).     The  female  has  both  uret 
OTidoct    The  orary  varies  greatly  in  size  and 
according  to  its  condition.    The  oviduct  u  a  very  long! 
Tolnted  tabe  nrnning  from  the  pericartlinm  lieckwaids 
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the  cloaca,  where  it  opens  just  in  front  of  the  ureter.  At 
the  season  of  reproduction  the  oviduct  is  found  very  much 
distended  with  ova.  Its  anterior  end  has  a  ciliated  opening 
into  the  body-cavity.  In  the  neighborhood  of  the  sexual 
glands  lies  the  fat-body  (/). 

The  lungs  (lu)  are  two  large  sacs  with  very  elastic  walls, 
richly  supplied  with  blood-vessels.  These  vessels  spring 
from  the  pulmonary  artery.  From  each  division  of  the 
truncus  arteriosus  are  given  off  four  branches  (Fig.  433,  II). 
The  first  is  the  pulmonary  aorta  (Pa),  which  also  gives  off 
a  large  cutaneous  branch ;  the  second,  the  true  aortic  arch 
{Ao)y  which,  curving  backwards,  unites  with  its  fellow  just 
in  front  of  the  kidneys  and  below  the  spinal  column,  to  form 
the  descending  aorta ;  the  third  (e^r),  the  carotid  artery,  run- 
ning to  the  head,  and  bearing  at  its  origin  the  singular  caro- 
tid gland  {eg) ;  the  fourth,  the  lingual  artery.  The  blood 
is  returned  from  the  lungs  by  two  veins,  which  empty  into 
the  left  auricle. 

The  space  of  the  lower  jaw  is  covered  over  by  a  tliin  trans- 
verse muscle  {My)y  the  mylohyoid.  On  either  side  behind 
the  posterior  edge  of  this  muscle  lies  a  croaking  bag  or  air- 
gac  (S).  In  the  mouth  are  to  be  observed,  1st,  the  mus- 
cular tongue,  attached  by  its  anterior  end  to  the  lower  jaw, 
and  forked  posteriorly  ;  2d,  the  openings  of  the  nasal  cavi- 
ties ;  3d,  the  recessus  Eustachii,  lying  further  back,  and 
leading  into  the  tympanic  cavity ;  4th,  the  opening  of  the 
oesophagus  ;  and  5th,  the  slit-like  epiglottis. 

The  muscles  are  best  dissected  in  alcoholic  specimens. 
The  muscles  of  the  hind  limbs  are  as  follows  :  On  the  ven- 
tral surface,  the  cut  ends  of  the  recti  abdominis  (r.  ab, ) ; 
on  the  ventral  surface^  1,  of  the  thigh,  outwardly  mtisculus 
vastus  inter  nus  (mvi),  the  adductor  long  us  (a),  the  sar- 
torius  (ms),  adductor  magnus  {a"),  rectus  internus  minor 
(ff)  ;  the  rectus  internus  mxijor  (n") ;  a  small  part  of  tlie 
adductor  brevis  can  be  seen  close  to  the  pubis  between  the 
adductor  magnus  and  the  rectus  internus  major  ;  underneath 
the  rectus  internus  major  lies  the  long  and  the  semitendino- 
ius  with  two  heads ;  2,  of  the  leg  {crus)  gastrocnemius  (g)^ 
and  between  that  muscle  and  the  bone  the  tibialis  posticus; 
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^^  front  is  the  tibialis  anficus  (/a).      On  the  dorsal  surface 
of  the  thi^h  (Fig.  433,  III)  the  gluteus  {gl),  the  pyriformis 
(p),  the  rectus  anticus  femorus  {ra),  the  vastus  externus 
(w),  the  biceps  (b),  the  smnimepnbranosus  (sm),  lying  deep 
betireen  the  biceps  and  semimembranosos   are    seen    the 
lemoral  vessels  and  sciatic  nerve ;  the  rectus  anticus^  vastus 
intemos  and  extemns  are  known  collectively  as  the  triceps 
fmoris;  in  the  leg  tiie  gastrocnemitts  {g)  and  peronmis  (/?). 
The  sympathetic  nerves  can  be  seen  as  two  cords,  one  on 
either  side  of  the  vertebral  column.     The  spinal  nerves  can 
be  seen  as  white  threads  on  the  dorsal  surface  of  the  body- 
cavity.     The  brain  (Fig.  373)  may  be  dissected  out  by  open- 
ing the  skull  from  above.    The  olfactory  lobes  of  frogs  and 
toads  are  fused  together,  but  separate  in  the  tailed  Batrachia. 
The  seventh,   eighth,   and  ninth   spinal    nerves  unite  to 
form  the  very  large  sciatic  trunk ;  the  intercommunications 
of  these  ner^^es  form  the  lumbar  plexus ;  while  the  second 
and  third  spinal  nerves  form  the  brachial  plexus  from  which 
arises  the  brachial  nerve.     (0.  S.  Minot.) 

Certain  glands  in  the  skin  of  some  Batrachians  secrete  a 
corrosive,  or  as  in  the  European  Sdlamandra  maculosa,  a  nar- 
cotic poison,  which  is  poisonous  to  small  animals.  The 
toads  secrete  in  the  parotid  glands  a  bad-smelling  fluid, 
which  applied  to  tender  skins  produces  erysiix^las.  Lacerda 
states  that  the  poison  of  the  Brazilian  Bufo  ictericus  is  a 
milky  humor  from  the  glands  on  the  sides  of  the  neck.  The 
action  of  the  poison  is  less  fatal  to  small  animals  than  that 
of  the  European  toad  ;  it  gives  a  slight  acid  reaction  and  is 
not  soluble  in  alcohol,  while  that  of  the  European  toad  is. 

Like  fishes,  the  Batrachians  assume  high  colors  diinng 
the  breeding  season.     The  males  of  the  newts  at  this  time 


Fig:.  483.— Anatomy  of  common  Fro/.  My,  mylohyoid  ;  nr,  fltemoradials ;  M, 
thyroid;  /«,  Innjf!*;/,  faUbody;  TV,  tceiLs;  S(,  Htomncli;  .S>;,  Hpleen;  /?,  rectum; 
d,  addn<*tor  loniriis';  mri,  vastus  intoriniH;  my,  Kirtoriitn;  ii',  rcctUH  iniemua 
m^or;  /a,  tibialia  anttcun  ;  g,  patKtniciiemin.i ;  ri'\  rectun  intcmus  minor;  a"^  ad- 
doctor  maffnna  :  >ti6,  ructuA  abdomiualiK :  D,  blarlder ;  ?v/.  vaH  deft^ntna  ;  6,  gall- 
bladder:  A*!,  kidney  :  J9V,  portal  vein  ;  Li,  liver ;  K,  vena  cava  inferior ;  Ao^  aorta  ; 
S,  vocal  fttir,  or  croa king-bag. 

II.  Origin  of  the  arterial  tmnka.  /«  arteria  inirnali«  :  eg,  carotid  irland,  which  la 
merely  a  reU  trdnMU  ;  er^  carotid  artery ;  Ao,  aortic  arch :  l\u  pulmonary  artery. 

IIL  D(»r8al  view  of  mnoclca  of  hind  Ici?.  ql,  irhitaMir* ;  ra,  nTtuH  Hiiterlor ;  p,  pyrl- 
fbrniia ;  w,  vaatof  externua ;  mh,  i*omi-mcmbranoi?us  ;  b,  biceps  ;  g^  gaatrocncmiuB ; 
per^  peroofleus.— Drawn  by  C.  S.  Minot. 
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acquire  the  dorsal  crest  and  a  broader  tail-fin,  while  inflame 
species  prehensile  claws  arc  temporarily  developed  on  the  (ore 
lega  of  the  male.  The  males  of  the  Anura  (toiids  and  frogs) 
are  mosic^U,  the  female^s  being  comparatively  silent ;  therocd 
organs  of  the  male  are  more  developed  than  in  the  females,  sad 
in  the  edible  frog  (Eana  escuknta)  large  sacs  for  producing 
a  greater  volume  of  sound  stand  out  on  ejich  side  of  the  bead 
of  Uie  males.  Among  the  few  viviparous  Batrachiana  known 
is  an  Alpine  European  Salnmmidra  (S*  aira)  which  brings 
forth  its  young  alive. 

It  is  common  to  find  tadpoles  in  the  winter  in  pondg, 
which  have  been  retarded  in  their  nietamor|>hosi8,  andby 
artificial  means  this  retardation  may  be  greatly  increased 
For  example,  Wyman  is  said  to  have  kept  tadpoles  ol  the 
bull-frog  for  seven  years  in  a  cellar. 

Unlike  the  higher  Vertebrates  the  segmentation  of  the  egg 
in  the  Amjihibia  is  total,  the  process  beginning  usually  about 
three  hours  after  impregnation  in  the  frog,  and  lasting  twen- 
ty-four hours.  The  primitive  streaky  the  notochord  and 
nervous  system  then  arise  as  in  other  craniaWd  Vertebrates. 
After  the  appearance  of  the  branchial  arches,  the  gills  begin 
to  bud  out  fmm  them,  finally  forming  the  larger  gills  of  the 
tad[>ole,  TJnlike  young  fishes,  the  yolk  is  entirely  absorbed 
before  the  tadpole  leaves  the  egg.  In  warm  climates  the 
tadpoles  hatch  in  four  or  f\\e  days  after  the  eggs  aro  laid* 
When  hatched  the  tadpole  is  not  so  well  developed  as  in  most 
young  fishes.  The  digestive  canal  at  first  is  simple  and 
etniight  Afterwards  it  becomes  remarkably  long  and  coiled 
in  a  close  spinil.  The  mouth  is  small  (Fig.  434,  A),  with  no 
tongue  and  only  horny  toothless  jaws.  The  vertebrae  of  iho 
tadi>ole  are  biconcave  as  in  fishes,  afterwards  becoming  con- 
verted into  cup-und-ball  joints. 

Tlie  accompanying  figures  represent  the  external  changes 
of  the  toad  from  the  time  it  is  hatched  nntil  the  form  of  the 
adult  is  attained.  The  tadpoles  of  our  American  toa*l  are 
smaller  and  bliicker  in  all  stages  of  growth  tlian  those  of  the 
frog.  The  tadpole  is  at  first  without  any  limbs  (Fig.  434  A), 
and  with  two  piiirs  of  gills ;  soon  the  hinder  legs  bud  out. 
After  this  stage  (B)  isi^aiOied,  the  body  begins  Ui  diminish  in 
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8fze.  The  next  important  change  is  the  growth  of  the  front 
legs  and  the  partial  disappeai-ance  of  the  tail  (6'),  while  very 
small  toads  (Z>  and  E),  during  midsummer,  may  be  found  on 
the  edges  of  the  pools  in  which  some  of  the  nearly  tailless  tad- 
poles may  be  seen  swimming  about.  It  is  three  years  before 
flie  Amphibia  are  capable  of  breeding.  In  the  newts  {Tri- 
ton)  the  gills  are  in  three  pairs,  larger  and  more  complex 
than  in  the  frog  ;  the  fore  limbs  are  the  first  to  grow  out,  ' 
and  the  gills  persist  long  after  the  hind  limbs  are  developed. 
In  the  newts  we  have  the  larval  state  of  the  toads  and  frogs 
persistent ;  thus  the  successive  steps  in  the  development  of 
the  individnal  frog  is  an  epitome  of  the  evolution  of  the 
typical  forms  of  the  class  to  which  it  belongs. 


Fig.  481— Metamorphoflla  of  the  Toad.— After  Owen  ;  from  Tenney'd  Zoology. 

In  certain  Batrachians  as  the  Alpine  salamander,  the  Su- 
rinam toad  (Pipa)  and  the  Hylodes  of  Guadaloupe  in  the 
West  Indies,  the  metamorphosis  is  suppressed,  development 
being  direct ;  though  the  young  have  gills,  they  do  not  lead 
an  aquatic  life.  In  the  axolotl  there  is  a  premature  devel- 
opment of  the  reproductive  organs,  the  larvje  as  well  as  the  • 
adults  laying  fertile  eggs. 

The  Batrachians  are  inhabitants  of  the  warmer  and  tem- 
perate zones.  Frogs  extend  into  the  arctic  circle.  The 
Amhlystoma  mavortium  breeds  at  an  altitude  of  about  8000 
feet  in  the  Rocky  Mountains.  Rana  septentrionalis  Baird 
extends  to  Okak,  Northern  Labrador,  where  the  climat3  is  as 
extreme  as  that  of  Southern  Greenland  ;  frogs  have  also  been 
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singly  on  leaves  of  Myriophyllum,  which  adhere  to  the  glu- 
tinous egg,  concealing  it  (Cope.)  Those  of  Desmogriathua 
are  laid  connected  by  a  thread  both  on  land  and  in  water. 
The  common  land  salamander,  or  Plethodon  erythronotum 
Baird,  lays  its  eggs  in  summer  in  packets  tinder  damp 
stoneSy  leaves,  etc. ;  the  young  are  bom  with  gills,  as  is  the 
case  with  the  viviparous  Salamandra  atra  of  the  Alps.  The 
possession  of  gills  by  land  salamanders,  which  have  no  use 
for  them,  and  which  consequently  drop  off  in  a  few  days, 
leads  ns  justly  to  infer  that  the  land  salamanders  are  the  de- 
scendants of  those  which  had  aquatic  larvae. 

The  lowest  form  of  this  order  is  the  aquatic  Congo-snake 
or  Amphiuma  means  Linn.,  in  which  the  body  is  large,  very 
long,  round  and  slender,  with  small  rudimentary  two-toed 
limbs ;  there  are  no  gills,  though  spiracles  survive.  It  lives 
in  swamps  and  sluggish  streams  of  the  Southern  States. 

A  step  higher  in  the  Urodeloos  scale  is  the  Menopoma,  which 
is  still  aquatic,  with  large  spiracles,  but  the  body  and  feet 
are  as  in  the  true  salamanders.  The  Menopoma  AUeghanu 
ense  Harlan,  called  the  hellbender  or  big  water  lizard,  is 
aboat  half  a  metre  (1^  feet)  in  length,  and  inhabits  the 
Mississippi  Valley.  Allied  to  the  Amphiuma  is  the  gigantic 
Japanese  salamander,  Oryptobranchus  Japonicus  Van  der 
Hoeven,  which  is  a  metre  in  length.  Allied  in  size  to  this 
form  was  the  great  fossil  salamander  of  the  German  TertiiEiry 
formation,  Andrias  Scheuchzeri,  the  homo  diluvii  testis  of 
Schenchzer,  thought  by  this  author  to  be  a  fossil  man. 

In  the  true  salamanders  the  body  is  still  tailed,  the  eyes  are 
rather  large ;  there  are  no  spiracles  ;  they  breathe  exclusively 
by  their  lungs,  except  what  respiration  is  carried  on  by  the 
skin. 

The  genus  Ambly stoma  Gom\}r\%e%  our  largest  salamanders ; 
they  are  terrestrial  when  adult,  living  in  damp  places  and 
feeding  on  insects.  The  larvae  retain  their  gills  to  a  period 
when  they  are  as  large  or  even  larger  than  the  parent.  The 
most  interesting  of  all  the  salamanders  is  the  Amblystoma 
mavartium,  whose  larva  is  called  the  axolotl,  and  was  origi- 
nally described  as  a  perennibranchiat«  amphibian  under  tiie 
name  of  Siredon  lichetwides  Baird.     This  larva  is  larger  than 
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the  adult,  terrestrial  form,  sometimea  being  about  a  tbirdof 
a  metre  (12  inches)  in  length,  the  adult  being  twenty  centim- 
etPea  (8  Inches)  long,  forming  an  example  of  what  occun 
in  the  Amphibians  and  also  certain  insects,  of  the  etcea  in 
sixe  and  balk  of  the  larva  over  the  more  condensed  adalt 
form.  This  law  is  ako  strikingly  observed  in  the  Pimi» 
(Fig.  437)*  This  fact  of  prematixritive,  accelerated.  vegetatiTe 
development  of  the  larva  over  the  adult  h  an  epitome  of  what 
has  happened  in  the  life  of  this  and  other  claeses  of  animali 

The  fossil,  earM 
representatives  of  th 
Amphibians,  as  we 
8liall  see  farther  on, 
were  enormous,  mon- 
strous, larval,  prem- 
ature forma  com- 
gy  i»   wfc.i.»— ^p^^ia^i—. ^u.   p.^       pared  with  their  tie* 

aoendants.  Thessme 
lavhoUa  good  in  certain  groupaof  Crustacea  (trilobites^ 
ittSQCts,  UWBt  ivptiks  and  mammals. 

The  axdiotl  or  atredon  aboundis  in  the  lakes  of  the  Rockj 

l^MiBliiiii  pbteaii  tram  Montana  to  Mexicx),  from  an  altitude 

tf  4000  te 8000  or  9000  feet;  the  Mexican  axolotl  being  of 

A  diffiereiit  spadH^  tboogli  doselj  allied  to  that  of  Coloradop 

I7l»li  and  Wjumbig.     The  Mexicans  use  the  animal  as  food. 

B  tlie  anmiiher  the  siredons  at  Como  Lake.  Wvoming, 

v«  have  obserred  thein^  transform  in  large  numbers 

llw  adnk  filieat  leaviag  the  water  and  hiding  nnder 

SdU  biger  nnmbers  remain  in  the 

lakew  and  breed  there^  is  I  have  received  the  eggs  from  Mr. 

William  OMtiBy  of  Coma,     Thooflaods  of  the  fully-gpiwn 

iirataii  an  wwhid  oabore  in  the  spring  when  the  ice  melts. 

Hmt  4o  not  Hipoif  ot  the  amfsoo  of  the  lake  nntil  the  last 

of  imm^  and  Jiwp|iear  aot  of  sight  early  in  September. 

T>»ffpioi»  bid  in  mmsan^  andare  t  millimeires  in  diameter. 

Mr,  F.  F.  U«MoU  hoo  ohoarrod  in  Oomo  Lake,  *  I, 

if^rtuif  lirejons  itmt  lo  aix  omtiiDeim  (If-^i  i  m 

ht^k  and  S^fUBaiber  3d  specimeiis  otgfat  centimetres  {Z 

|K«M«)  llM^^     In  rtnh,  Mr.  J.  L.  Barfoot  laiaed  iu  1873 
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several  adults  from  the  larva,  and  I  have  been  told  that  sire- 
dona  in  the  mountains  among  the  miners'  camps  near  Salt 
Lake  City  leave  the  water  and  transform.  It  thus  appears 
that  in  the  elevated  plateaus*  as  well  as  at  the  sea-coast,  some 
riredons  transform  while  others  do  not.  Mexican  siredons 
have  for  a  number  of  years  been  bred  from  eggs  in  the 
aquaria  of  Europe,  laying  eggs  the  second  year. 

The  change  from  the  larva  to  the  adult  consists,  as  we  have 
observed,  in  the  absorption  of  the  gills,  which  disappear  in 
about  four  days ;  meanwhile  the  tail-fins  begin  to  be  absorbed, 
the  costal  grooves  become  marked,  the  head  grows  smaller, 
the  eyes  larger,  more  protuberant,  and  the  third  day  after 
the  gills  begin  to  be  absorbed  the  creature  becomes  dark, 
spotted,  and  very  active  and  restless,  leaving  the  water.  Their 
metamorphosis  may  be  greatly  retarded  and  possibly  wholly 
checked  by  keeping  them  in  deep  water.  The  internal 
changes  in  the  bones  of  the  head  and  in  the  teeth  are  very 
marked,  according  to  Dumeril. 

Experiments  made  in  Europe  show  that  the  legs  and  tail 
of  the  axolotl,  as  of  other  larval  salamanders,  may  be  repro- 
duced. We  cut  off  a  leg  of  an  axolotl  the  first  of  November ; 
it  waa  fully  reproduced,  though  of  smaller  size  than  the 
others,  a  month  later.  The  tail,  according  to  Mr.  L.  A, 
Lee,  if  partly  removed,  will  grow  out  again  as  perfect  as  ever, 
vertebne  and  all. 

The  Tritons  or  water-newts,  represented  by  our  common, 
pretty  spotted  newt,  Diemyctylus  viridescens  Kafinesque,  are 
also  known  in  Europe  to  become  sexually  mature  in  the  larval 
state  when  the  gills  are  still  present,  as  has  been  observed  by 
three  different  naturalists.  The  female  larva  of  Lissotriton 
punctatus  has  been  known  to  lay  eggs. 

Order  4.  Oymnaphiona. — The  blind  snake  with  its  several 
allies  is  the  representative  of  this  small  but  interesting  order. 

♦  It  hn«  been  stated  by  De  Saussure,  Cope,  Marsh,  and  more  recently 
by  WeUtnann,  that  the  strcdon  does  not  chnnffe  in  its  native  elevated 
home.  No  naturalist  has  seen  the  Mexican  siredon  transform  into  aa 
Amblystoma,  bat  as  it  dues  so  in  abundance  in  Wyoming  and  Utah, 
it  probably  transforms  in  Mexico.  (The  adult  Mexican  form  has  recent- 
ly been  found,  and  is  at  the  Smithsonian  Institution.) 
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iigBatraohianSy  their  fossil  ancestors  had  an  armor  of  large 
hinst-plates,  with  amaller  scales  on  the  under  and  hinder 
|Nui  of  the  body. 

Bat  the  largest  forms  were  the  tme  Labyrinthodonts  repre- 
lented  in  the  Carboniferons  rocks  of  this  country  by  Baphetes, 
rnd  in  Europe  by  AtUhracosaurus,  Zygosaurus^  and  in  the 
i^ermian  beds  of  Texas  by  Eryops.  Labyrinthodonts  also 
hounded  in  the  Triassic  Period,  and  forms  like  the  Euro- 
lean  Laiyrinthodon  or  Mastodontomurus  must  hare  been 
olossal  in  size.  Footprints  occur  in  the  Subcarboniferous 
wIcB  of  this  country  which  indicate  forms  still  larger  than 
ny  yet  discovered  in  the  Old  World.  A  largo  number 
thirty-four  species,  referable  to  seventeen  genera)  of  medium- 
tzed  Labyrinthodonts  have  been  described  from  the  coal 
leasures  of  Ohio  by  Cope  which  were  characterized  by 
ieir  long,  limbless,  snake-like  bodies  and  pointed  heads, 
)rming  a  still  more  decided  approach  to  the  Ganoids.  This 
BS  the  lowest  group  of  Siegocephala,  called  Microsauria  by 
^wson. 

Thus  we  have  in  these  Labyrinthodonts  synthetic  or  an- 
ectant  forms,  which  connect  the  fishes  with  the  Am- 
bibians,  and  on  the  other  hand  point  to  the  incoming  of 
le  reptiles.  They  were  thus  prematuritive,  larval  forms, 
hich  in  certain  characters  anticipated  the  coming  of  a 
igher  type  of  Vertebrate.  The  reptiles  were  ushered 
1  during  the  Permian  Period,  the  rocks  of  this  age  imme- 
iately  overlying  the  coal  measures,  though  it  should  be 
»ted  that  there  are  obscure  traces  of  reptiles  in  the  Carbon- 
erous  rocks.  It  is  not  improbable  that  evidence  will  be 
mnd  to  substantiate  the  impression  that  the  reptiles, 
>gether  with  but  independently  of  the  Amphibians, 
ranched  off  from  the  Ganoid  fishes,  or  from  extinct  forms 
)lated  to  them. 

Order  6.  Anura. — The  toads  and  frogs  represent  this 
fder,  which  comprises  tailless  Batrachians,  with  the  four 
mbs  present,  the  toes  being  very  long  (duo  to  the  great 
ngth  of  the  calcaneum  and  astragalus),  while  the  body  is 
lort  and  broad,  the  skin  soft  and  smooth,  scaleless,  though 
Biall  plates  are  sometimes  embedded  in  it.    The  lower  jaw  is 
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As  an  example  of  a  suppressed  nietanu)ri)hosiM,  due  ap- 
parently to  a  radical  difference  in  the  physical  environment 
ot  the  animal,  may  be  cited  the  case  of  a  tree-toad  in  the 
idand  of  Onadaloupe.  There  are  no  marshes  on  this  island^ 
oonaeqnently  in  a  species  of  Hylodes  the  development  of 
the  young  is  direct ;  they  hatch  from  the  eggs  which  are 
hid  under  moist  leaves,  without  tails,  and  are  otherwise^  ex- 
cept in  size,  like  the  adults.  On  the  other  hand,  a  tree-toad 
of  the  island  of  Martinique  {Hylodes  Martinkeiisu,  Fig. 
436)  has  tadpoles,  which  it  carries  on  its  back.  The  female 
of  Nototrema  nmrsupiatum  Dumeril  and  Bibron,  of  the 
Andes,  has  a  marsupium  or  sac  on  its  back  in  which  the 
young  are  carried.  The  Notodelphys 
of  South  America  has  similar  habits  ; 
for  example,  the  female  OpisthodeU 
phys  (Notodelphys)  ovifera  has  a  dor- 
sal sac  a  centimetre  deep  in  which 
the  eggs  are  carried.  In  the  young 
of  this  and  of  Oastrotheca  also  of 
Central  America,  Peters  found  traces 
of  external  gills.  The  Pipa,  or  Suri- 
nam toad  (Pipa  Americana  Laurent), 
which  has  no  tongue,  neither  teeth  in 
the  upper  jaw,  has  similar  breeding  n^.  43«.-Thc  Martinique 
habits.  In  this  interesting  toad  the  jTiu  bS2k?*"^'"^  "^^  ^*'"°* 
young,  according  to  Prof.  Wyman, 
are  provided  with  small  gills,  which,  however,  are  of  no 
use  to  them,  as  the  tadpoles  do  not  enter  the  water,  but  are 
carried  about  in  cavities  on  the  back.  The  eggs  are  placed 
by  the  male  on  the  back  of  the  female,  where  they  are 
fertilized.  .  The  female  then  enters  the  water ;  the  skin 
thickens,  rises  up  around  each  egg  and  forms  a  marsupial 
sac  or  cell.  The  young  pass  through  their  metamorphosis 
in  the  sacs,  having  tails  and  nidimentary  gills  ;  these  are 
absorbed  before  they  leave  their  cells,  the  limbs  develop, 
and  the  young  pass  out  in  the  form  of  the  adult. 

The  toad  {Bufo  lentiginosus  Shaw)  is  exceedingly  useful  as 
a  destroyer  of  noxious  insects.  It  is  nocturnal  in  its  habits  ; 
is  harmless,  and  can  be  taken  up  with  impunity,  though  it 
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g'lves  out  an  irritant  acrid  fluid  from  tlie  skin,  which  may 
J>0]8on  the  eyelids.  In  New  England  toads  begin  to  make 
tleir  peculiar  low  trilling  notes  from  the  middle  to  the  20th 
of  April ;  from  the  latter  date  until  the  first  of  Jnne  they 
lay  their  eggs  in  long  double  strings,  and  the  tadpoles  (Fig. 
434)  are  usually  hatched  in  about  ten  days  after  the  eggs  are 
deposited.     (Putnam.) 

The  paradoxical  frog  of  South  America  {Pseudes  para- 
daxa  Wagler,  Fig.  437, 1,  2,  the  larva)  is  remarkable  from  the 
fact  that  the  larva  is  larger  than  the  adult.  3  and  4  repre- 
sent another  species  of  Pseudes  (P,  mitiuta). 

The  highest  genus  of  the  Anura  is  Ranay  of  which  there 
are  numerous  species,  our  American  forms  being  the  bull- 
frog (Rana  pipiens  Linn.),  the  Rana palustris  Lc  Conte,  or 
IHckerel-frog,  and  the  marsh-frog  {Rana  halecina  Kalm). 
They  lay  their  eggs  in  masses  in  the  water  in  April,  May, 
and  the  early  part  of  June,  according  to  the  latitude. 

While  most  frogs  are  eaten  by  birds,  and  in  such  cases  are 
preserved  from  extinction  by  their  nocturnal  habits  and  their 
protective  resemblance  to  the  herbage  and  the  bark  and  leaves 
of  trees,  Thomas  Belt  records  the  case  of  a  little  Nicaraguan 
frog  which  is  very  abundant  in  damp  woods,  and  "  hops 
about  in  the  daytime,  dressed  in  a  bright  liveiy  of  red  and 
blue."  Its  immunity  from  destruction  is  due  to  the  fact 
that  ducks  and  fowl  could  not  be  induced  to  eat  it,  owing  to 
its  unpleasant  taste,  the  same  reason  inducing  birds  to  reject 
certain  bright-colored  caterpillars,  which  are  distasteful  to 
th?m« 
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AmijpiMbioui  VerUbratei,  wth  gUU  in  certain  adult  aquatic  f<yrm$,  aU 
hreaihing  air  by  lung$ ;  the  skin  of  existing  species  naked;  loith  true 
Umb§  like  thoee  of  higher  Vertdfrates ;  skttU  with  two  occipital  condyles  ; 
heart  with  two  auricles  and  one  ventricle.  Mostly  oviparous;  a  distinct 
mstamarphosii. 

Order  1.  7htehifitamaia.—Bodj  long,  eellike,  with  pereistent  gills ; 
no  pelvic  bones  or  hind  limbs ;  no  maxillary  bone.    (Siren.) 
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circumscribed  as  the  modern  birds,  is  without  links  forming 
genetic  bonds  allying  them  all  together.    In  fact,  the  different 
classes  of  Vertebrates,  as  well  as  of  other  branches  of  the 
animal  kingdom,  form  an  ascending  series,  from  the  more 
generalized,  though  not    always  simple  forms  (numerous 
groups  comprising  synthetic  types),  to  those  which  are  more 
qiecialized,  t.^.,  in  which  separate  organs  or  grou])s  of  or- 
gans are  elaborated  and  worked  out  in  great  detail.    This  is 
the  tendency  all  through  nature,  and  were  Cuvier  himself 
now  living,  and  were  he  to  examine  the  facts  revealed  since 
his  death,  he  would,  as  many  others  in  advanced  life  have 
done,  cast  aside  the  limited,  analytical  notions  of  the  past, 
based  as  they  were  on  fragmentary  evidence,  and  adopt 
the  more  philosophical  principles  of  classification,  based  on 
sdences  that  were  in  embryo  thirty  or  forty  years  since. 
These  reflections  have  great  force  in  the  study  of  a  class  like 
the  reptiles  where  there  are  a  larger  number  {fiy^)  of  extinct, 
than  of  living  (four)  orders,  and  where  the  fossil  types  were 
of  a  more  general,  almost  embryonic  type,  and  consequently 
^gantic  and  ill-shapen,  showing  a  tendency  to  extremes  or 
prematurity  in  development  rather  than  to  an  equality  in  and 
maturity  of  the  whole  organization  compared  with  their  de- 
scendants.    A  high  degree  of  specialization  of  type  tends 
nearly  always  in  living  beings,  plants  as  well  as  animals,  to  a 
condensation  and  higher  grade  of  form.   These  animals  also 
have  given  a  name  to  the  Age  of  Reptiles,  the  middle  or 
Hesozoic  age  of  the  world,  when  they  were  the  dominant  type 
of  life. 

The  essential  characters  of  reptiles  are  the  following :  As 
regards  the  skeleton,  the  bodies  of  the  vertebrae  vary  in  being 
either  biconcave,  concave  in  front,  concave  behind,  or  flat 
at  each  end ;  the  cup-and-ball  vertebrae  are  most  common, 
forming  a  strong  and  flexible  joint  well  fitted  for  general 
motion.  The  ribs  are  well  developed,  the  sternum  is  rhom- 
boidal ;  there  are  usually,  if  not  always,  more  than  thix»e 
toes.  The  body  is  covered  with  scales  ;  the  blood  is  cold,  the 
heart  has  in  the  crocodiles,  the  highest  order,  four  chambers  ; 
two  or  more  aortic  branches  persist,  and  certain  membranes, 
called  an  amnion  and  allantois,  envelop  the  embryo. 
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lx«is,  and  Tortrices,  the  pelvis  exists  in  :i  rudimentary  state, 
and  attached  to  it  is  a  pair  of  rudimentary  hind  legs  ending 
in  claws  ;  in  all  other  existing  reptiles  the  limbs  are  directly 
comparable  with  those  of  birds  and  mammals,  the  bonci  of 
the  legs  being  best  developed  in  the  Chelonians  (turtles), 
which  have  nine  carpal  bones  and  five  fingers  in  each  foot. 
Certain  extinct  saurians  had  paddle-liko  limbs,  others  bird- 
like limbs,  and  still  others  approached  the  crocodilian  tyi)e, 
in  which  the  carpal  bones  and  phalanges  become  reduced  in 
namber.  In  the  hind  limbs  an  intermedium  (in  birds  only 
present  in  the  embryo)  is  united  with  the  tibiale  bone  to 
form  an  astragalus  or  heel-bone. 

The  scales  of  reptiles  are  very  characteristic,  though  scales 
existed  on  the  underside  of  the  body  of  most  Stegocephalous 
Batrachia.  The  scales  of  lizards  and  snakes  are  developed 
from  the  cutis.  The  large  horny  plates  of  Chelonians  are 
greatly  developed  and  unite  above  with  the  "ribs"  to  form 
Uie  shell  or  carapace,  while  nine  large  plates  below  form 
iik&  plastron. 

The  teeth  are  simple,  conical,  and  while  in  the  lizards 
and  snakes  they  may  exist  on  the  palatine  and  pterygoid 
bones^  in  the  crocodiles,  where  they  are  implanted  in  sockets 
of  the  jaw-bones,  they  are,  as  in  the  mammals,  confined  to 
the  maxillary  bones.  They  are  reproduced  as  fast  as  they 
are  shed.  The  Chelonians  have  no  teeth,  the  jaws  being,  as 
in  birds,  enclosed  in  a  stout  homy  case,  developed  from  the 
epidermis.  There  is  a  middle  and  internal  oar  much  as  in 
birds.  The  New  Zealand  lizard,  Jlatteriay  is  the  only  reptile 
which  has  the  beginning  of  a  spiral  turn  indicated  in  its 
cochlea^  which  in  other  reptiles  is,  as  in  birds,  merely  a 
flask-shaped  cavity.  (Rolleston.)  The  eyes  of  reptiles  ap- 
proach those  of  birds,  and  in  both  there  is  an  upper  and  a 
lower  movable  eyelid  besides  a  nictitating  membrane. 

True  nostrils  exist  in  reptiles  for  the  first  time  among 
Vertebrates. 

The  tongae  is  either  not  extended  out  of  the  mouth,  and 
is  broad,  as  in  turtles  and  crocodiles  and  some  lizards,  or  as 
in  most  liztfds  and  all  snakes  it  is  long,  slender,  forked,  and 
can  be  darted  rapidly  out  of  the  mouth. 
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Tnio  lips  now,  ns  in  birils,  bonl€>r  the  jaw-boiiee,  whik 
salivary  glands  for  the  tirat  time  in  the  Vert^brutea  a|»puir 
in  the  Cholonians  und  lizards ;  besides  these  there  are  siMlk 
gltiiids  ill  the  lipa  of  lizards  and  snukes,  the  poiioii-giaadi 
of  the  ruttlesntike,  viper,  etc.,  being  modificatiana  of  \hm 
labial  glutJids. 

While  the  cesophagus  is  wide  and  the  stomjich  usuillf 
quite  simple,  in  tlio  crocodiles  there  is  a  muscuUr  giuiid 
approaching  that  of  birds,  and  there  is  a  special  pyloric  por- 
tion in  the  crocodiles  like  that  of  grallatorial  and  awiminin^ 
birds.  The  liver  and  pancreas  have,  as  in  birds,  two  ornwit 
excretory  ducts,  and  a  gall-bladder  is  alwa}'S  prej<ent  A 
large  fat -body  (Fig.  440,/)  is  pi-esent  on  each  side  of  tiitf 
body. 

The  lungs,  trachea,  and  larynx  of  reptiles  an*  mflch 
simpler  than  in  bird^  ;  in  the  long  slender-ringed  %w^\m 
there  is  an  approach  to  that  of  birdi^  but  the  lungs  atb 
modelled  on  the  Amphibian  typo  ;  the  larjTix,  ei^pecially  ia 
the  Chclonians  and  crucudiles,  is  much  more  perfect  tluiw  in 
the  Amphibians. 

The  organs  of  circulation  show  a  decided  advance  in  Bitu- 
ation  over  the  Batrtichians.  T!ie  heart  (Fig.  440)  receto 
farther  back  into  the  thorax.  Of  the  two  auricles  the  right 
and  larger  one  receives  the  systemic  and  the  loft  tte  |wl* 
monary  veins.  In  all  but  the  crocodile  the  ventricle  \^ 
a  partition,  the  right  half  coritainiii^  venous  and  the  kft 
arterial  blood,  while  in  the  crocodiles  there  are  two  «»• 
tricles,  so  that  the  heart  is  four-chambered.  In  the  l*»rfi 
two  aortic  branches  (a  right  and  a  left)  survive,  I"  ^ 
crocodiles  a  veaeel  which  gives  off  the  right  aortic  arok  w^ 
the  carotids  arises  from  the  left  ventricle,  while  a  left  9fi>^ 
arch  and  the  pulmonarj^  arteries  arise  from  thu  right  ^^ 
triclo.  In  the  reptiles  as  in  birds  there  are  two  euperi*>r«» 
well  as  one  inferior  vena  cava.  In  reptiles  a$  in  lower  Vcr* 
tebrates  there  are  no  true  lymphatic  glands ;  an  org»n  ^ 
sembling  them  is  present  in  reptiles  (l^ig*  ^K  'A),  fonaiw^* 
small  swelling  situated  behind  the  angle  of  the  lower  ji** 

While  the  brain  is  still  simple,  though  it  fills  tlie  caritf  * 
the  f^kuli,  the  diffen?nt  loljes  lieing  snbequal  in  Btie^  ih»0^ 
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?Iff.  440.— Anttomr  of  a  linrd.  Bodfporw  undtUatut.  i,  trachea  *  tf,  carotid  artery ; 
II,  tnyruld  ii^land  ;  A,  ventriclo  of  the  heart— above  are  the  two  aurlclen;  /ti,  Ions: 
A  liver  turned  oat;  t«  atomach  ;  i,  tntcetine ;  a,  vent  — above  It  the  cloaca  1«  laid 

ri  to  diadoea  the  openinga  (o  o)  of  the  kidneys  (k);  above  are  the  two  openinj^  of 
ovidiicu ;  II,  omoct :  o,  ovary ;  v.  vena  cava  ;  /,  fat-body.— Drawn  by  A.  F. 
__  - —  ,       ^___  mtAo  by  the  aotbor. 
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of  the  iguana  are  laid  in  the  hollows  of  trees.  (-ertain 
fliuikes,  as  the  vipers,  are  Tiviptirous.  In  many  snakes  and 
lizards  tlie  development  of  the  embryo  goes  on  in  the  Qg^ 
before  it  leaves  the  oviduct ;  such  si)ecies  are  said  to  be  ovo- 
viviparous^  the  yonng  being  bom  living.  The  Eutmnia 
nrUMs,  or  common  8trii)ed  snake,  brings  forth  its  young 
dive,  and  is  probably  ovoviviparous  rather  than  viviparous. 
The  early  phases  of  the  development  of  the  reptiles,  in- 
cluding the  origin  of  the  amnion  and  allantois,  is  much  as 
in  the  chick.  In  the  turtle,  by  the  time  that  the  heart  has 
become  three- chambered,  the  vertebrae  have  reached  the 
root  of  the  tail,  the  eyes  have  l)ecome  entirely  enclosed  in 
complete  orbits,  and  the  allantois  begins  to  grow.  The 
nostrils  may  now  be  recognized  as  two  simple  indentations 
at  the  end  of  the  head,  and  at  first  are  not  in  communica- 
tion with  the  mouth,  but  soon  a  shallow  furrow  leads  to  it. 
The  shield  begins  to  develop  by  a  budding  out  latenilly  of 
the  musculo-cutaneous  layer  along  the  sides  of  the  l>ody, 
and  hy  tlie  growth  of  narrow  ribs  extending  to  the  edge  of 
the  shield.  In  the  oviparous  snakes  {e.g.,  Natrix  torquata) 
the  embryo  partially  develops  before  the  Qgg  is  laid,  while 
the  young  hatches  in  two  months  after  the  Qgg  is  deposited. 
By  this  time  the  amnion  is  perfected,  the  head  is  distinct, 
and  shows  the  eyeball  and  ear-sue ;  also  the  maxillary  and 
mandibular  processes.  The  allantois  is  about  as  large  as  the 
head.  The  long  trunk  of  the  serpent  grows  in  a  series  of 
decreasing  spirals,  and  when  live  or  six  are  formed,  the  rudi- 
ments of  the  liver  and  the  primordial  kidneys  are  discerur 
ible.  At  the*  latter  third  of  embryonic  life  the  right  lung 
appears  as  a  mere  api>endage  to  the  beginning  of  tlie  left. 

The  reptiles  are  essentially  tropical  and  subtropical  ani- 
mals ;  they  are  scarce  in  north  temperate  countries,  though 
in  North  America  snakes  extend  north  farther  than  lizards  ; 
in  Europe  snakes  cease  at  GO"^  north  latitude,  and  ut  6000 
feet  elevation  in  the  Alps  ;  lizards  in  Euro])e  sometimes  ex- 
tend farther  north  than  snakes,  and  ascend  to  an  elevation 
of  10,000  feet  in  the  Alps.  Reptiles  are  usually  wanting  in 
oceanic  islands  which  possess  no  indigenous  mammals,  though 
lizards  are  sometimes  found  on  islands  where  there  are 
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movements  of  the  large  ventral  Bcales,  which  are  saccessively 
tdvanced,  the  hinder  edges  of  the  scales  resting  on  the 
ground  and  forming  fulcra ;  resting  on  these  the  body  is 
then  drawn  or  pushed  rapidly  forwards. 

The  brain  of  serpents  is  small,  much  as  in  the  lizards,  the 
cerebellum  being  especially  small  and  flat,  while  the  cerebral 
hemispheres  together  form  a  mass  broader  than  long. 

The  more  characteristic  features  of  the  internal  anatomy 
of  snakes  is  a  want  of  symmetry  in  the  paired  organs,  as  seen 
in  the  absence  of  a  second  functional  lung,  and  second  pul- 
monary artery,  one  of  the  lungs  being  minute,  rudimentary, 
while  the  other  is  very  long  and  large ;  the  trachea  is  also 
very  long,  while  the  right  ovary  is  larger  than  the  left  and 
placed  in  front  of  it  The  other  viscera  are  so  arranged  as  to 
pack  well  in  the  long  narrow  body-cavity. 

The  student  should  dissect  a  snake  with  the  aid  of  the  ac- 
companying figure  of  the  common  striped  snake  {Eutania 
sirtalis  Baird). 

A  few  snakes  are  viviparous,  as  the  vipers  ;  others  are  ovo- 
yiyiparous.  In  the  oviparous  Natrix  torquata  of  Europe, 
the  embryo  partly  develops  before  the  egg  is  laid,  while  the 
young  hatches  in  two  months  after  the  egg  is  deposited.  At  tliis 
time  the  amnion  is  fully  formed,  the  head  is  distinct,  as  well 
as  the  eyeball,  and  ear  sac.  The  long  body  grows  in  a  series 
of  decreasing  spirals,  and  when  five  or  six  are  formed,  the 
rudiments  of  the  liver  and  of  the  primordial  kidneys  may  be 
detected,  while  at  the  latter  third  of  embryonic  life,  the 
nght  lung  appears  as  a  mere  appendage  to  the  beginning  of 
the  left  The  embryo,  at  the  time  of  hatching,  is  i)rovided 
with  a  temporary  homy  tooth  on  the  snout  to  cut  through 
the  egg  shell 

Most  snakes  conform  in  coloration  to  the  nature  of  the 
soil  or  places  they  frequent ;  some  being,  as  in  the  rattlesnake 
of  the  western  plains,  of  the  color  of  the  soil  in  which  they 
burrow ;  the  little  green  snake  is  of  the  color  of  tlie  grass 
through  which  it  glides ;  other  are  dull  gray  or  dusky,  har- 
monizing with  the  color  of  the  trunks  of  trees  on  which 
they  r^t  The  poisonous  Flaps  of  the  Central  American 
forest  i»  gaily  and  conspicuously  colored  ;  indeed  it  can  af 
ford  to  he  brightly  colored,  as  no  birds  dare  \o  a^^sieVW.. 
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The  Salenoglyph  poisonous  snakes  may  always  be  recog- 
tiixed  by  their  br<jmi»  flattened  heads,  and  usually  ehort  thick 
VkkH^,  Tho  poison  gland  of  tho  rattlesnake  (Fig.  442,  a)  is 
^  modified  salivary  gland.  Tho  two  fangs  are  mndidcations 
of  maxillary  teeth,  each  of  which  has  been»  so  to  speak, 
pressed  flat,  with  the  edges  bent  towards  each  other,  and 
Soldered  together,  so  as  to  form  a  hollow  cylinder  open  at 
both  ends,  tho  poison  duct  leading  into  the  basal  opening* 
\rhen  the  fangs  strike  into  the  flesh,  tlio  muscles  closing 
the  jaws  press  upon  the  poison  gland,  forcing  the  poison 
into  tho  wound.    The  poison-fangs  are  largest  in  the  most 

deadly    species,   m 

the  viper  (  Vipera), 

the      puff     adder 

{Cloiho),    tho   rait- 

tle^nake,   and  fer- 

de-lance   {Trifjono* 

cephaJua),  but  are 

small   in  the   tvsps 

or    hooded    snakes 

{XajnY     Tho  bite 

of   the  rattlesnake 

is  intensely  painful; 

it   is   best  cured   bv  Fio.  44?.— Head  of  the  ratrlppnake  ;  a  «.  poison  eland 

*  and  itH  excTctof  jt  dtict :  e,  aiiit?riiiir  trmporal  niUMie  :  /j 

sucking,  freely  Ian-  pcH«t«?rlor  temporal  mnflclc  :   -7,  di£fa*ilHcnH  ;   A,  i^jcUthaI 

^^j  -        ''  pterygoid  muiwrl©;  *,  nildclk  lenipon*!  muwlo  ;  q\  arti* 

C I ng,  and  by  canter-  cttlo-inaxillary  Jl^ment   whicb    joitiJi    the  A{xJiii)nrot1c 

'    *            +l,A     *r/v*iri  1  <^*P«"lf^  o'  tnP  jKitMm  \:\a.n<\  \   r.  the  cervicnl  nDirniar 

izmg     tne     WOUnU,  mu»e1f9 :  t,  vertebro-TTinndlbiikr  miiscle  ;  *»,  c^Jiiita-  man- 

and  drinking  large  ^'^^^^^^^-^^-^^^^-^^^y^ 
quantities  (at  least  a  pint)  of  whiskey  or  brandy,  eiiflicient 
ordinarily  to  produce  insensil)ility.  Deaths  from  the  bite  of 
rattlesnakes  are  not  common,  while  in  India  it  is  estimated 
that  several  thouiiand  people  annually  die  from  the  bite  of 
the  cobra — ^10,(XK3  dying  eiich  year  from  tho  bite  of  snakes 
and  the  attacks  of  wild  beasts.  The  ** rattle"  of  the  rattle* 
snake  is  a  liorny  appendage  formed  of  but  tonlike  compart- 
ments ;  the  sound  made  by  the  mttle,  which  has  been  com- 
pared by  some  to  the  stridulation  of  a  Carolina  locust,  or  of 
the  Cicada,  is  an  alarm  note,  warning  the  intruder  ;  the  rat- 
tle 18  spning  before  the  snake  atiike^     Allied  to  this  anake 


mmimirix  Lum.)  autl  tk 

LuhlX    In  Lhe  water 

while  tlic  poi«on- 

t  mi  much  oter  n  metre  iu 

Ike  &flt  Indian  M& 

in  the  wmm ;  the;  ire 

mSSk  adder,  and  by  the  bcti. 


to  dia  Sooeae  Tertiiirj  period, 

i)*  fefuvfentod  bv  eevejui 

the  eoa^  of  Kct 

of  Iho  mne  ip^ 

i^f  baa  iLomtiictof  were  not  tin- 

lo  be  a  modem  typo 

tarttee*  aad  erocodilec 

;  poQp  indadee  ft  wmr 
,  with  paddle-like  feeU  which 
hf  CVppraa  tka  tjfcaol  a  diatiDct  onler,  eliar 
a  caaqlnt  mg|wwiriimn,  hj  the  abseiict>  of  a 
by  the  roodese  toeth,  recurred  \mw 


TWt  «m  iftr  ni  itxt j  ftel  in  fengO,  and  JVeMuaanM 

OofC^  froA  New  Jenef  was  atfll  more  ookMnL 

t  of  the  makei^  linrds^  and  pt^eio- 

[  ia  a  deftoe  to  the  deecripttoits  of  the 

mytUcali 

Tha  mwbliaei  to  ike  Ophidtaoa  ie  atill  farther  etrength- 
eaod  bf  tke  lake  diseemjr  bj  Ptofeesor  F*  U.  8now,  that  one 
af  tka  fofBs  {Liwiwm)  wat  ooteivd  above  bv  snuiU  itubricated 
aeala^  Kke  tko«  «(  tke  oalces*  rather  than  large  aiiea,  like 
Ikoae  of  lisudi.  Tba  mora  abnndant  type  !&$  the  Jfoia- 
aaami  of  the  Creiaoeoas  eeaa,  which  waa  a  bnge  aea-eerpent 
ofif  inallj  referred  by  Curier  and  Owen  Ui  the  neighborhood 
of  the  bK.'e-Hiards  (  Vttramdm) ;  Cope  deacribes  it  as  a  long 
aleoder  reptile,  with  a  pair  of  powerful  paddles  in  front,  a 
modeialely  long  neck,  and  flat  ptjlnted  head*  with  a  long 
forkad  tongue.  The  very  long  tail  ytm  flat  and  deep^  like 
tJiat  of  a  great  eel,  forming  a  powerful  propeller.     The 
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arches  of  the  vertebral  column  interlocked  more  extensively 
than  in  other  reptiles  except  the  snakes.    They  swam  rapidly 
through  the  water  by  rapid  undulations  of  their  bodies  aided 
by  the  imddles.     The  skull  was  not  so  strongs  though  as 
light  as  that  of  the  serpents.  ^^  While  the  jaws  were  longer^  the 
gape  was  not  bo  extensive  as  in  serpents  of  the  higher  groups, 
for  the  08  quadratum,  the  suspensor  of  the  lower  jaw,  though 
equally  movable  and  fastened  to  widely  spread  supports,  was 
much  shorter  than  in  them.     But  there  was  a  remarkable 
arrangement  to  obviate  any  inconvenience  arising  from  these 
points.    While  the  branches  of  the  under  jaw  had  no  natural 
connection,  and  possessed  independent  motion,  as  in  all  ser- 
pents, they  had  the  additional  peculiarity,  not  known  else- 
where among  Vertebrates  (except  with  snakes),  of  a  movable 
articulation  a  little  behind  the  middle  of  each.    Its  direction 
being  oblique,  the  flexure  was  outwards  and  a  little  down- 
wards, greatly  expanding  the  width  of  the  space  between 
them,  and  allowing  their  tips  to  close  a  little.    A  loose  flexi- 
ble pouch-like  throat  could  then  receive  the  entire  prey 
swiillowed  between  the  branches  of  the  jaw ;  the  necessity  of 
holding  it  long  in  the  teeth,  or  of  passing  it  between  the 
short  quadrate  bones  could  not  exist.     Of  course  the  glottis 
and  tongue  would  be  forwards."    The  order  became  extinct 
before  the  Tertiary  Period. 

Order  3.  Lacertilia.  —The  existing  lizards  or  Saurians  are 
th3  survivors  or  descendants  of  a  multitude  of  forms,  many 
colossal  in  size,  which  characterized  the  Permian  and  Meso- 
zoic  periods ;  while  the  extinct  forms  of  reptiles  were  in 
many  cases  synthetic  types,  with  affinities  to  fishes,  Am- 
phibians, and  even  birds.  The  group  as  now  existing  is  well 
circumscribed. 

Most  lizards  have  cylindrical  bodies,  usually  covered  with  * 
small  overlapping  scales,  with  a  long,  slender  tail,  and  general- 
ly two  pairs  of  feet,  the  toes  long  and  slender,  and  ending  in 
claws.  They  run  with  great  rapidity,  and  are  active,  agile 
creatures,  adorned  with  bright  metallic  colors,  in  some  cases 
green  or  brown,  simulating  the  tints  of  the  vegetation  or 
soil  on  which  they  live ;  some  are  capable  of  changing  their 
color  at  will,  as  in  the  chameleon  and  Anolis ;  this  is  due  to 
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\  Ike  fudi  UmI  Hie  pigment  cells  or  chromiitophoieK  are  under 
h0  it*fa^»*y  of  tiie  TolaiitaiT  ueires. 
Wkile  Ike  acafei  oC  Uie  bodr  are  developed,  as  a  rok,  trom 
y^Sbm  ffpidennifi,  in  ilie  acink  there  aro  denuul  scules  (gcataK 
idi  d«nsl  plslea  in  Uie  bead  muy  uuiie  with  the  lionet 
the  slnilL     In  Biosi  lintds^  all  except  the  (lecko^.  the 
jirertehnD  aiv  proccBtoas»  we^^  wiili  a  huU-and -socket  joiai, 
I  the  lejtehne  being  fooDd^Hi  in  front,  und  eoncave  bekiui 
^  In  tlie  Geckos  tbe  fertebral  column  is  fish-like,  the  notothord 
^]iersiffting  except  in  the  centre  of  each  vertebra,  wliich  i^bi- 
fe.    In  manj  liaida  (Laeeriu,  lyuauu  and  the  iiei^lios), 
I  the  middle  of  each  caudal  Tcrtebra  has  a  thin  cartilaginous 
Ipvtilioin,  and  it  is  at  thk  point  that  the   taila  of  tbeae  \i> 
[ante  break  off  bo  easily  when  seized.     lu  guch  cases  the 
is  renewed,  but  is  more  stttmpy.     The  tail  of  the  speciin< 
I  of  Seelopoms  (Fig.  i40)  which  wc  dissected  is  much  sho 
than  in  the  normal  animal|  and  must  have  grown  out  all 
\  having  been  lost. 

The  throat  is  often  distensible  by  the  hyoid  apparat* 
bnt  the  bones  of  the  jaws  are  firm,  the  bones  uuitetl  in  froi 
Both  jaws  are  provided  with  teeth,  wliile  gome  have  th 
developed  on  the  {mlatine  and  pterygoid  boneii.     1'he  tee 
are  iisually  simple,  sharp,  conical,  as  in  most  lisurds,  inclu 
ing  the  Monitor,  or  they  are  flatteued,  blade-tikc,  with 
rated  edges,  as  in  the  Iguana^  or  as  in  Cyclodus  they 
broad,  adapted  for  crushing  the  food.     Most  lisards  prey 
insects ;  some  live  on  plunt=»*     New  teeth  are  usually  dev 
oped  at  the  buses  of  tlio  old  ones.     They  are  attached  to 
Burface  of  \U  jawa;  in  certain  extinct  forms  {Theratian 
they  are  lodged  in  sockets.      (Huxley.)      The  eyelids 
well  doveloj)ed  except  in  the  Geckos,  in  which  the  lids 
moditied  somewhat,  as  in  the  snakes,  to  form  a  transpare: 
skin  over  the  cornea  of  the  eyes.     The  tongue  is  free 
long,  sometimes  forked ;   in  the  iguana  it  cntLj  in  a  horn; 
point* 

Whilo  the  limbs  are  usually  prosout,  one  or  the  other  |i 
may  in  rai*e  ciwos  (in  PHeH(hpHi(  tlio  fore  feet  are  wanting  ; 
f'hiroicH  tlie  luiul  feet  are  absent)  be  absent,  or  as  in  *-l 
phMmtiu  tmd  its  allies  the  feet  arc  entirely  wanting,  tho 
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the  shoulder*girdle  invariably  remains,  the  pelvic^girdle  in 
Biieh  cases  disiippearing ;  the  pelvis  being  complete,  how- 
ever, when  the  hind  limbs  are  present  The  feet  are  five- 
toed.  The  internal  anatomy  of  lizards  has  already  been  de- 
scribed and  illustrated  on  p.  493.  In  the  snake-like  lizards 
^Anffuijt)  the  left  lung  is  the  Bmaller,  and  in  ArouHtis 
and  Tifphlhw  it  is  almost  wanting.  A  urinary  bladder, 
wanting  in  the  snakes,  is  present  in  lizards. 

The  lizard  lays  eggs  in  the  sand  or  soil ;  those  of  the  iguana 
mare  deposited  in  the  hollo ws  of  trees.  Certain  lizards  are 
Tivi  parous. 

There  are  between  seven  hundred  and  eight  hundred  species 
of  existing  lizards,  most  of  which  inhabit  tropical  or  subtrop- 
L^tal  countries  ;  eighty-two  species  of  lizards  inhabit  America 
^^■orth  of  Mexico.    The  earliest  lizards  date  back  to  the  Kini- 
^Hieridge  or  middle  division  of  the  Jurassic  rocks. 
^"     Reviewing  some  of  the  more  interesting  lisiurds  in  the  as- 
cending order,  we  may,  passing  over  the  snake-like,  limbless 
^^^mpltisbmna,  and   the  limbless  glass  snake  (Opheosaurus), 
^Blrst  consider  the  chameleon  of  the  MediteiTaneau  shores,  in 
which  the  eyes  are  movable  with  a  eirciilcir  eyelid,  and  with 
L^be  five  toes  in  two  opposable  groups  adapted  for  grasping 
^Bivigs  of  trees.     It  is  remarkable  for  its  power  of  changing 
^H|s  colors.     The   tongne   of   the   chamcluon   (Fig.    443)   is 
HRapable  of  extending  five  or  six  inches,  and  is  covered  with 
[     a  sticky  secretion  for  the  capture  of  insects,  as  the  crea- 
^■tore  itself  is  very  sluggish.     Tlie  chameleon  of  our  country 
^B*  ^he  Anoh'8  of  the  Southern  States^  and  is  a  long  smooth- 
bodied  lizard,  which  can  change  its  color  from  a  bright  pea- 
green  to  a  deep  bronze-brown. 
I         The  homed  toads  {Phri/?ios(nna)  are  charactoristic  of  the 
^■iry  western  plains  ;  the  bo^ly  is  broail,  flattcTied.  and  armed 
^MHth  spines  ;  its  coloration  depends  on  that  of  the  soil  it  in-  ' 
habits.     It  will  stand  long  fast^.     When  Phrynosoma  Dou* 
gUmni  of  the  North  western  Territories  and  States  is  about  to 
moult,  small  dry  vesicles  appear  on  the  buck  and  sides,  run- 
I      ning  ^ong  the  Ijorizontal  rows  of  pyramidal  scales  forming 
I      the  mai^n  of  the  ahlomcn.     In  a  day  or  two  tljc  \esietcs 
break  and  dest|uamation  begins,  which  continues  lor  eight  or 
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ing  forms,  yet  tbey  have  somo  affinities  with  the  Batrachia. 

Tlicj  arc  distinguished  from  tho  other  reptiles  by  the  shell, 
the  up|M?r  part  forming  the  atmpnre^  and  the  lower  tlie 
plastron  ;  these  two  parts  unite  to  form  a  ease  or  box  withia 


Fig,  4lt.^8keletTm  of  Biiroiiean  Tortoise,  wHli  the  plausiron or  under  ihe!!  rcmovuflL 


r  Owen. 


which  the  turtle  can  retract  its  liead  and  limhs  and  tail 

Owing  to  \\\i^  presence  of  the  earapu/ce,  the  dor^siil  vertebra 

are  immovable,  and  the  rib.-?  do  not  move  upon  the  verbehrae* 

The  honeti  of  tlie  ventral  shield  or  phistron  are  usually 


l«Bg,  MS  In  Uidi, 
rairij  fleshy  lips ;  the  I 
The  bcttrt  oo]uiili| 
bcmtn  has  Iftripr  oir^  ^ 
hvm  m  third  lid,  m 
ui  beii  obtiin  an 
«f  As  lavtlai  hj  stodjing  the  akel- 
vkkAoaid  of  the  iooompanj- 
tvitkL^ 
(OrpaHijIt  jfuia)  isago^fd 
iiciid<iied  in  •  hard  ehcU  , 
acid  a  Sal  Tf^iiUid  l1o^  j 


latamflr*  but  wydcly  scpamtfid  an* 
l»  the  head  and  fof»  liml^»  and  pa^ 
-  tfe  feaa  aod  idad  &nb6.    The^  porta  can  all  U 
tte  iNQliOliiir  iheil.  by  being  doubled 
^  5oft  part*  of  the  akin 
I  br  orerlftppi ng  folds.     The  lini 
the  anterior  feet  there  are  five,  opon 
fm  dawiL     On  the  under  surface  of  the  rfiort 
^  tail  MW  its  httse  19  the  wide  opening  of  the  el 
■Iral  pbftfon  eoorisU  of  twelve  symmetrical  pi 
akm  <*ch  side*  Fig.  445.    The  first  and  U<1  pair  are 
angnfatf,  the  others  are  foiir^ded  ;  the  fourth  pair  ia 
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Iwra  prepared  and  ike  illutltmljaaa  diawa 
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laijgest.     Utiilomeath   the  cpiderniul   plates  »ui  nine  bony 
peoee.      The  dorsal  rnrupare  is  t-oraposed  ol    thirty-eiglit 

plates,  twenty-live  marginai,  of  ^^-hich  the  inos'  anterior  lies 
in  the  middle  line  ;  there  ure  Jive  median  phitci?  ^ud  a  hiieral 
jow  of  four  pUites  on  each  side. 
To  dissect  a  tnrtle,  saw  through  the  lateral  j»'^eB  of  the 
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shell  whieh  unite  the  plastron  mvA  eampajie,  then  remorethQ 
ventral  piece,  earefully  freeing  it  from  the  orgiina  heneath. 

Fig.  446  represents  a  female,  with  the  intestines  and  di- 
gestive glands  pirtially  freed  and  tunied  aside,  while  the 
shoulder-blade,  oviduct,  and  ovary  of  the  left  side  and  the 
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killed  (1  tiring  the  pc 

oi|piis  ju>fi  therefore  ein 

Tbt  bog  and  proinioetit  ovidacts 

atosdj  prorid^  vith  a  shell       The    right 

[  ottt  and  inspetidod  by  a  rnei^  ntenr, 

It  Bcoifacaiie  with  nomerona  blood  > 

eod  of  the  oviduct  is  seen  thiptigh 
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Siesent^ery,  and  contains  three  oval  eggs,  one  of  which  is 
ttered   E(f,     The  oviduct  can  bo  followed  to  ita  Bnterior 
tud  which  is  much  pigmented  and  has  a  terminal  opening, 
I     *The  cut-end  of  the  left  oviduct  {ovd)  shows  tho  folds  of  the 
liniDg  mucous  membrane. 

The  ovaiy  {o)  is  likewise  suspended  by  a  thin  membrane, 

the  mesovarium,  and  is  equally  developed  on  both  sides  in  a 

complete  specimen.     It  is  easily  recogniased  by  the  nnmerous 

I     bolging  yellow  spheres,  of  all  sizes,  which  are  the  egg-yolka 

I     in  Tarious  stages  of  development 

^B   Tlie  heart  of  the  turtle  (Fig*  447)  will  repay  careful  dis- 
^Rection.     A  small  round  i>ody  lies  just  in  front  of  it ;  this  is 
usually  considered   the   equivalent  of    the   thyroid   gland, 
trough  its  real  nature  is  still  un- 
&rtain.    The  heart  itself  (Fig.  447) 
c^imsists   of    two  auricles  and  one 
ventricle    {ven),    with    an    imper- 
fect internal   septum,      lb  receives 
the  veins  uj>on   its  dorsal  surface, 
land   gives   off   the   arterial   trunks 
^Mpom    ita  ventral   side.      The  two 
^Tlliricles  are  equal  in"  size;  together 
they  A  little  more   than  equal   the 
pntricle.    Tho  arterial  vessels  arise 
Eigether  a  little  to  the  right»  and 
most  conveniently  descntied  as 
in  number  ;    Ist*  The  right 
iRirta  ( R  A  o)  arising  on  the  loft ; 
2d.    The   left  aorta  on  the  right 
(L  Ao)  ;   the  two  cross  near  their 
origin  and  curve  upwards  and  back- 
wards, to  reunite  ]>osteriorly  just  in  front  of  the  retractor 
muscles,  their  union  forming  the  single  median  descending 
aorta;  3d.   The  pulmonary  aorta  (pa),  which  mon  divides 
into  a  brajich   for  each   lung.     The  left   aurtit  gives  of!  a 
branch  (d)  which  jK^rsists  ns  a  mere  cord,  the  remuaiit  of  the 
ductus  arferioAus,  which  originallv  united  the  aorh*  with  the 
pulmonary  artery.     The  right  aortji  gives  off  an  rnnmnmnte 
branch,  that  soon  divides,  and  from  ciich  division  springs 


FI^.  447.— Vent  ml  »«nrt(icc  of 
the  heart  of  the  Tnrtlc,  Chrym- 
mtfUjHefA.    Difwiected  and  drawn 
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the  GidapagOB  Islands,  the  Hascarine  Islands  (Maaritins  and 
Jtodriguez),  and  also  of  the  Aldabra  Islands,  lying  northwest 
of  Madagascar,  are  in  some  coses  colossal  in  size,  the  shells 
being  nearly  two  metres  (six  feet)  in  length.  The  tierce  Mas- 
carine  si)ecies  were  contemponiries  of  tlio  dodo  and  solitaire, 
uid  are  now  extinct.  The  bones  of  extinct  similar  species 
hare  been  found  in  Malta  and  in  one  of  the  West  Indian 
islands.  The  land  tortoises  are  long-lived  and  often  reach  a 
great  age.  Certain  tortoises  of  the  Tertiary  Period,  as  the 
Colossoehelys  of  the  Himalayas  had  a  shell  twelve  feet  lotng 
and  six  feet  high.  The  turtles  extend  back  in  geological 
time  to  the  Jurassic,  a  species  of  Compsemys  being  char- 
acteristic of  the  Upper  Jurassic  beds  of  the  liocky  Moun- 
tains.    (Marsh.) 

The  eggs  of  turtles,  as  those  of  birds,  are  of  large  size ; 
they  are  buried  in  June  in  the  sand  and  left  to  l>o  liatched 
by  the  warmth  of  the  sun.  It  is  probable  tliat  turtles  do  not 
lay  eggs  until  eleven  to  thirteen  years  of  age.  The  develop- 
ment of  turtles  is  much  as  in  the  chick.  By  the  time  the 
heart  becomes  three -chambered,  the  vertebrae  develop  as  far 
as  the  root  of  the  tail,  and  the  eyes  are  completely  enclosed 
in  their  orbits.  The  shield  begins  to  develop  as  lateral  folds 
along  the  sides  of  the  body,  the  naiTow  ribs  extending  to  the 
edge  of  the  shield.  In  the  lower  forms  of  turtles  (the 
ChelonioidcB),  the  paddle-like  feet  are  formed  by  tlie  bones  of 
the  too  becoming  very  long,  while  the  web  is  hardened  by 
the  development  of  densely  packed  scales,  so  that  the  foot  is 
nearly  as  rigid  as  the  blade  of  an  oar. 

Order  b.  Xhynchocephalia.—ThQ  only  living  representa- 
tive of  this  order  is  the  Sphenodon  or  Hatteria  of  New  Zea- 
land ;  a  lizard-like  form  of  simpler  structure,  however,  than 
the  lizards  in  general.  This  rare  creature  somewhat  re- 
sembles an  iguana  in  appearance,  having  a  dorsal  row  of 
spines.  It  is  nearly  a  metre  (32  inches)  in  length.  In  this 
group  the  vertebraa  are  biconcave  ;  the  quadrate  bone  is  im- 
movable, and  there  are  other  important  characters  based  on 
a  study  of  the  living  and  fossil  forms,  the  latter  rei)resented 
by  the  Triassic  Rhf/NchoMafirus  and  Ifypwofhiprdon. 

Order  r».    Irhthynpteryyia.-  This  onler  is  entirely  extinet. 


Mooioar. 


I  ealo— il  reptilefl  from  two  to  thiitien 
I ^  t»  Im^  ftd)  in logtli,  Bwimmitig  in  tlie  occ^ftbj 

;  of  mx  TOWS  of  digiUiU 


vicv.    Ans;  pcemmxflkuy  bent 

,«adatf«;  iM,  |>o«tort>lul  *^jv- 


w  Tnr  hrgt^  tiii  iitfck  tfij  short,  &nd  the  orViti 
I  nrro  remarkably  short  antl  bi- 
eoncaTe.  They  were  airm\- 
oroits,  and  powi^rfnl  imw- 
iners^  and  eommiin  in  the  Ju- 
fiflsic  seas  of  Eumpc;  ono 
form  existed  in  the  Jumseia 
tam€8  in  Wyoming. 

Order  7.    77*f*nwif>ry»Art,— j 
This  order  ia  dividiHl  into  the] 
Pdfcamuria     and     J#iow*fl*| 
d^mtitu    Tiic  l>eake<l  Snurian 
were  somewhat  liz4irv!-like,  hnf{ 
were  sjiithetic  tvjM*8,  couibin^ 
ing  the  characters  of  the  ]cfc 
throsanrs,    thc^    turtles,    tin 
Sphenndon,  with  rhose  of  lii 
wciB^  IKaoMariaiia,  mud  crocodiles.     The  skull  was  ehor 
I  im  AfcpMdbii  the  jaws  in  front  had  the  nipping,  hor 
^of  a  uirtle*  while  from  behind  m  the  upper  jaw  pr 
two  long.  ctiri'DfJ.  canine  teeth.     Dirynodon  ^itfri^^f^ 
\\nA  H  skull  about  half  u  metre  ('40  inches)  Ion 
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Another  form  was  still  more  like  the  turtles,  llio  jftws  heing 
toothless  and  encloged  in  a  nipping,  h«>rny  boak.  In  Lyn- 
tromiurus  (Fig.  450}  the  hemi  wat?  blunt,  the  jaws  armerl  in 
front  with  stout  teeth,  and  behind  with  canine  teeth  ;  ami 
t)i€«e  animals^  anticipating  in  their  dendtion  the  lions  aiid 
tigiers,  were  called  by  Owen  Therhdonfn  (beagt-toothed). 
These  forms  lived  during  the  Permian  and  Triassic  times. 
Order  8.  Sauropterygia. — The  Piesiosaurus  is  the  ty|ie 


•tfejIftO.— Skull  of  Lynlrm{rtir*ij(  fimUomtit  tTozn  Cape  Colony. 
liuiirlir.  iW  and  444,  with  th«  follbwinsr     " '    "  "" 


,      Proflte,    Letlcrii 

r  addlHonH:    Ftmm,  e^hmovonierlne  ; 

KiNfiod;  ifft>.  PriHJtic;  Pitr,  Ptcr>'i^ifld  ;   Voty  ColumaUtk:  Kctp,  Ectoptcryi 
Smbart,  uibftrClciilAr  Im^civ.— Frum  Ctipe. 
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of  this  extinct  order.  The  Plesiosaiirs  were  eomewhat  like 
the  Ichthyosaurs,  swimming  by  paddle-like  feet,  but  tlie  neck 
WM  very  Jon^.  and  the  head  rather  small  The  largost  true 
Pledosaur  was  about  nine  metres  in  lenii^tlu  They  abounded 
during  the  Junissie  and  CretaeeuUB  period.  iHi ring  the  lat- 
ter period  off  the  coast  of  New  Jersey  and  in  the  seas  of 
Kansas  flour isljed  huge  Plesiosanrian  reptiles,  such  as  Elas- 
tauHauruHf  wiiieh  had  an  enormous  compressed  tail.      The 


^ 


CupB^  of  tbt  Xiw  Jmej  m&rl' 

Aom  of  in  tlephial 

ia  b«lk.  tlie  Deck  long  and 

Hit  skull  was  ligbt,  with  i 

k  mwsi  hsT«  been  the  ter* 

filkeo  iiMitra  (45  fm) 

•ilWtinwni  gPMip.    Th^  pf^ 
tf  wlhar  reptile  the  bcurt 
Ittiiag  Ibe  ventricle  eompleielT 
ehiflihers ;  Ibe  Tenant  and  arle- 
wi  tte  teaft,  nM  in  \U  as  in  the 
is  alio  more  like  thut  of 
dm  in  tbe  arhcr  nrp- 
tileiL    The  nuetrikme 
capable  ol  clt)8ing,  so 
Ami    eroecxliN    and 
«nig«iorB   draw  their 
pr^y  iiQcier  the  water 
and  hold  tlietii  there 
imtil  tbejr  are  dnrwn- 
ed ;    but     Qiej    wit 
obli^  to  iimg  them 
asboiv  in  order  to  est 
villi  boiijtt|»deriBaleiealea.    The 
m  the  jaws.    Tlie  verti^hm? 
Vhind^  or  the  reTersB  ;  the 
The  frH  are  (lartlj  webbed, 
danng  the  .TnnuHio  pe- 
aod  like  gaviak,  th» 
m^  hmf  and  aarrow  ia  fipnt^  with  biconcave  vert^ 
htmk    ni^  liT  ftnooi  twaabr  to  thirtr  erttndrica]  eggs  in  the 
aaad  0m  linr  iMakdL    Ttm  ctoiwidili^  an?  distribnted  through' 
mtM  tlia  ttafiee.  r^n  Aoftratta :  the  pirials  are  mostly  con' 
la  ladia  a&d  MalaTsibk  and  al^p  Atifitmlia.     The  gronp 
reftmsm^td  ta  tta  Stmthem  States  by  the  alligator  (A. 
imm^imfJM  naadta).     It  m  nmrly  fticir  metrea  (lO-ti 
L>  Imiw:  whila  IIn*  Florida  rnicodiie  {(\  ticHius  Cufff% 
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Wig,  451)  in  which  the  jaws  an?  much  narrower,  is  over  four 
and  a  half  metres  (14  feet)  long.  It  inbubits  the  rivers  i>i 
norida  where  it  is  very  rare,  mid  also  the  West  ladies  and 
South  America.  The  cayman  of  Guiana  belongs  to  a  dis- 
tinct genus.  Caiman,  and  is  characteriBtie  of  the  rivers  of 
tropical  South  Americti. 

Order  10.  Dinosauria. — We  now  come  to  reptiles  which 
have  more  decided  affinities  as  regards  their  skeleton  (the 
only  parts  preserved  to  us)  to  the  birds,  especially  the  os- 
triches, than  any  reptiles  yet  mentioned  ;  while  the  Dino- 
saurs were  genuine  reptiles,  in  the  pelvis  and  hind  limha, 
including  the  feet,  they  approached  the  birds.  This  is  seen 
especially  in  the  ischium,  which  is  long,  slender,  and  inclined 
backwards  as  in  birds.  In  the  hind  limbs  the  resemblanee 
to  birds  is  seen  ;  among  other  points,  in  the  ascend irjg  pro- 
cess of  the  astragalus,  in  the  position  of  the  farther  (dit^t^d) 
end  of  the  fibula,  and  in  their  having  only  three  finietional 
toes.  The  fore  lindjs  were  shorter  and  smaller  tban  the. 
hind  extremities,  sometimes  remarkably  so.  Moreover,  the 
limb-bone^,  vertebrae,  and  their  processes  were  eome times 
hollow ;  the  sacrum  consisted  of  four  or  five  consolidated 
Teriebrse,  in  this  respect  anticipating  the  birds  and  mam- 
mals. They  walked  with  a  free  step,  like  quadrupeds, 
instead  of  crawling  like  reptiles ;  gome  walked  on  the  hind 
legs  alone,  making  a  three-toed  footprint,  occasionally 
putting  down  the  forefoot,  like  the  kangaroo.  The  lar* 
gest  Dirtasaurs  were  the  Ifjuanndon^  whieli  was  front  ii^ix 
to  sixteen  metres  (3()-50  feet)  in  length,  and  the  Vntna- 
fasauruft  (Atlantc»saunis)  which  was  about  twenty-seven 
metres  (80  feet)  in  length.  The  Ceihsaurm  had  a  length  of 
from  twenty  to  twenty-three  metres  (t>0-TO  feet).  The  I/it- 
drosaurns  stood  on  its  ponderous  hind  legs,  with  a  stature  of 
over  eight  metres  (25  feet).  These  were  bulky,  inoffensive, 
herbivorous  monsters,  able  to  rise  up  on  their  hind  feet  and 
browse  on  the  tops  of  trees ;  their  undne  increase  was 
prevented  by  carnivorous  forms  like  Lmlapa,  which  was  an 
active,  possibly  warm-blooded  Dinosaur,  with  light,  hollow 
bones,  large  claws,  and  serrate,  conical  teeth.  It  stood  six 
metres  (18  feet)  high,  and  could  leap  a  distauce  of  ten 
metres  through  the  air.     (Cope/) 
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Still  mvrtr  the  birtis  waa  the  Ofmpmgniiikui :  it  t% 
only  two  tiitrcijR  of  u  mcu*r  (2  fori>  long,  witii  %  light  lnail 
toothed  jawa^  and  a  very  lon^  iloiidar  acck  ;  the  hind  limb 
were  vm  largte  and  dtapoaed  la  itt  biida^  the  lemur  Iving 
shorter  than  the  tibia;  iiii>rifOf«r»  tke  fom  lap  were  vm 
amalL  'Mi  is  impoflsible^'^  saji  Hajtli^v*  "to  look  at  tte 
oonformaticm  of  this  strange  reptile  azid  to  doabt  that  it 
hopped  or  walked,  in  an  erect  or  tsemiH-rect  |iositioii,  after 
til©  manner  of  a  bird,  to  which  \i&  long  neck,  slight  hed, 
and  small  anterior  limbe  mu«t  have  given  it  an  eitraordi- 
nary  resemblance/'  The  so-called  bird  tracka  of  tbe  Triage 
rocks  of  the  valley  of  the  Connecticut  were  all  WJptili*!! 
footprints,  and  without  doubt  made  by  Dinoaaurs  witli  tk 
above-mentioned  liffinities  to  the  birds*  The^  bird-like, 
colossal  liztirdn  appeared  in  the  Jum^Trias  Period,  and  Uv 
eitiuct  in  late  Cretaceous  timoa. 

OrdrrlX,  r/rm^rtwriVr,— The  fonns  of  ihia  order,  rep- 
lied by  the  Ptepodactyles,  would  lead  one  to  infer  that  the 
group  wa!»  iitill  more  bird-like  than  the  Dinoeaun,  and 
ley  has  shown  tlmt  they  have  as  many  and  important  ]: 
of  similarity  to  that  class  as  the  preceding  group.  The?  iW 
m  Aort  of  reptilian  bata,  forming  links  between  reptiles  sad 
flyiug  birds,  as  the  Dinosaurs  connect  with  the  ostriches, 
and  it  is  h\  the  tiand  and  fi»ot,  which  in  birds  are  the  nu)«t 
diaiarteristically  ornithic^  that  Uiey  resemble  the  ornithic 
type.  They  al^  approaeli  birds  in  their  long  headu  and 
Moks^  the  jaws  with  or  w  r  ^hort  tail,  in  the 

skull  which  is  more  romj  ^*'  tluiu  in  other 

ivplilea,  with  krge  arbita»  as  also  in  the  form  of  the  brain ; 
while  the  jaws  were  prolmbiy,  in  part  at  least,  encased  in 
bamy  bwiks.  The  shouUkT  girdle  was  birtHiko,  and  the 
ilgm'iim  wws  keekn],  hut  the  pelvis  and  limbs  were  like 
ItM^e  of  liiards*  while  the  fore- feet  were  much  larger  tlian 
ttie  htnd^  oiiei»  and  tlie  ulnar  finger  was  enormously 
toag  awl  pcwlMihly  aapporlid  %  broad  membrane,  connecting 
the  Imk  wd  hind  Imbt,  ai  in  baU ;  moreover,  the  limb 
bollow,  and  air-cdis  were  present,  m  that 
liau^  Donld  fly  like  birds  or  bata.  The  jaws 
^  ^0  PtiUPiiiifi  Mre  completely  toothed  ;  those  of  the 
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lihamphorhyiichuH  had  teeth  in  tlie  back  of  tlie  jaw,  the 
ends  of  the  jaws  being  toothless  and  probably  encased  iu 
homy  beaks,  while  in  Pteranodon  the  jaws  were  toothless. 
They  were  of  different  size,  some  expanding  only  as  much 
■8  a  sparrow,  others  with  a  spread  of  abont  nine  metres  (27 
ieot).  They  were  contemporaries  of  the  Dinosaurs,  several 
forms,  discoyered  by  Marsh,  occurring  in  the  Cretaceous 
beds  of  Kansas, 


Class  V.  REPTILIA. 

Avr4nretUhing  Vertebrates^  with  Umb§  tuuaUy  ending  in  datoe;  limbs 
mmslimes  absent,  rarely  paddle-sh^tped ;  body  sealed  ;  ribs  well  developed  ; 
\uH  in  the  highest  forms  four-ehamhered  ;  eold  blooded;  an  incomplete 
isMe  eireulaiio%;  ooiptirous;  egjs  large;  embryo  with  an  amnion  and 
aBantais  ;  no  metamorphosis. 

Order  1.  Ophidia. — Body  long,  cf lindrical,  usaallj  limbless ;  no  shoul- 
der girdle.    (Eatsaia.) 

Order  8.  Pythonomorpha. — Extinct,  snake-like,  limbs  paddle-shaped. 
(Hosasaarus.) 

Order  3.  ZaeertiUa. — ^Bodj  with  a  lon^r  tail;  usually  four  limbs;  moutU 
n*)!  dilatable,  the  bones  of  tbe  jaw  being  firm.    (Sceleporus.) 

Order  4.  Ohdonia, — Body  enclosed  in  a  thick  shell,  within  which  the 
head  and  limba  can  be  withdrawn.     (Testudo.) 

Order  5.  Bhynehoeephalia. — Lizard-liko  ;  vertebrse  bi-concave,  species 
mostly  extinct.     (Sphenodon.) 

Order  0.  lehthyopterygia. — Head  lar;re,  orbits  large;  limbs  paddle- 
shaped  ;  extinct  forms.     (Ichthyosaurus. ) 

Order  7.  Uieromorpha. — Mammal-like  saurians  with  solid  pelvis  and 
shoulder-girdle,  and  with  canines,  or  t  K)thle8s  and  beaked. 
(Dicynodon.) 

Order  8.  Sauropterygia. — Extinct  colossal  saurians,  with  long  necks, 
head  of  moderate  size.     (Elasinosaurus.) 

Order  9.  Croeodilia, — Thick  -  scaled ;  heart  four-cliambered.  (Croco- 
diliu.) 

Order  10.  2)«itMattria.— Colossal  extinct  saurians,  capable  of  rising 
and  resting  on  the  hind  legs,  and  making  three-toed  traclLs. 
(Hadrosanras.) 

Order  11.  Pterasauria. — ^Extinct  fljing  saurians,  with  the  fore  limits 
larffe  and  a  very  long  ulnar  finger;  toothed  or  toothless. 
(Pterodactylas.) 


Wl,  Atb  (AMb). 
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*  Jmbiu— The  body  b  ootcred  with  feathera^  a  Wod  of  di 
ontgrowth  lounA^mio  «3^^t^  ?iTv\mal«.     The  fore  Htnbi 
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form  wings,  serriceable  in  nearly  all  cases  for  flight.  Tliere 
are  never  more  than  three  digits  in  the  hand^  two  of  them 
usually  mach  redaced,  and  none  of  them  bearing  claws 
(with  rare  exceptions);  nor  more  than  two  separate  carpal 
bones  in  adalt  recent  birds ;  nor  any  separate  interclavicle  ; 
the  daTicles  are  normally  complete^  and  coalesce  to  form  a 
"merry  -  thought"  The  sternum  is  large,  and  usually 
keeled  (the  only  exception  among  recent  forms  being  the 
Btrathions  birds);  it  ossifies  from  two  to  five  or  more  centres, 
and  the  ribs  are  attached  to  its  sides.  The  skull  articulates 
with  the  spinal  column  by  a  single  median  convex  condyle, 
developed  in  connection  with  a  large  ossified  basi-occipital. 
The  lower  jaw  consists  of  several  pieces,  articulated  by  a 
quadrate  bone  to  the  skull,  and  in  all  recent  birds  both  jaws 
are  toothless  and  encased  in  a  horny  beak.  The  bodies  of 
at  least  some  of  the  vertebrae  of  recent  birds  have  sub-cyclin- 
drical,  articular  faces ;  when  these  faces  are  spheroidal,  they 
are  opisthocoelian,  but  some  fossil  forms  are  amphiccelian. 
The  proper  sacral  vertebrsd  have  no  expanded  ribs  abutting 
against  the  ilia.  The  ilia  are  greatly  prolonged  forwards ; 
the  acetabulum  is  a  ring,  not  a  cup  ;  the  ischia  and  pubes 
are  prolonged  backwards ;  there  is  no  ischial  symphysis ; 
there  may  be  a  prepubis ;  a  process  of  the  astragalus  early 
anchyloses  with  the  tibia.  The  incomplete  fibula  does  not 
reach  the  ankle-joint ;  there  are  not  more  than  four  digits, 
the  normal  numbers  of  phalanges  of  which  are  2,  3,  4,  5. 
The  1st  metatarsal  is  incomplete  above ;  the  2d,  3d  and  4th 
anchylose  together,  and  with  the  distal  tarsal  bone  unite  to 
form  a  tarso-metatarsus.  The  heart  is  completely  four-cham- 
bered ;  there  is  but  one  aortic  arch  (the  right),  and  but  one 
pulmonic  'trunk  from  the  right  ventricle  ;  the  blood  is  red 
and  hot.  The  large  lungs  are  not  free  in  the  cavity  of  the 
thorax,  but  fixed  and  moulded  to  the  walls  of  that  cavity ; 
and  in  all  recent  birds  the  larger  air-passages  of  the  lungs 
terminate  in  air-sacs.  More  or  fewer  of  the  bones  are 
usually  hollow,  and  permeable  to  air  from  the  lungs.  There 
is  at  most  a  rudimentary  diaphragm.  The  eggs  are  very  large, 
in  consequence  of  a  copious  supply  of  albuminous  substance, 
in  the  form  of  yolk  and  white,  and  are  enclosed  in  a  hard 
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calcareous  shell  ;  there  is  an  amnion  and  allantois,  and  no 

metamorphosis  after  hatching. 
The  external  form  of  birds  is  very  persistent ;  the  different 

parts  of  the  body  have  been  named  in  terms  of  continual  use 
in  deaeriptiye  ornithology.  Hence^  without  entering  into 
detailB,  we  reproduce  from  Coues^s  "Key**  his  figure  of  the 
topography  of  a  bird. 

The  student,  after  a  careful  study  of  the  external  form, 
should  prepare  a  skeleton  of  the  common  fowl,  or  examme  one 
already  at  hand,  and  observe  those  characters  peculiar  to  birds. 
The  skull  is  formed  of  bones  consolidated  into  a  more  roomy 
bndn-box  than  in  any  reptiles,  unless  it  be  the  Pterosaurians. 
In  the  parrots  the  beak  of  the  upper  jaw  is  articulated  (Fig. 
453,  n)  to  the  skull,  so  that  the  movement  of  the  beak  on  the 
flknll  is  unusually  free.  The 
quadrate  bone  (Fig.  453,  e)  is 
usually  movable  on  the  skull; 
and  in  the  parrots  when  the 
month  opens  the  upper  jaw  rises, 
since  when  the  mandible  is  low- 
ered,   the     maxillo  -  jugal    rod     _    ^„   ouh^ti .  «« 

^^        i-ra.        -***     *v  1  .1  Fig.  468.— Skull  of  Parrot :»,  pre- 

Or  bar   (Fl£C.   453.   I)  pushes   the    maxnianr  bone  ensheathed  in  horn  ; 

.«    °  /rtrt^  J  ,15.  nasal  bones  ;    t),  mandible,  the 

premaxma      (22)     upwards     and    end  sheathed  wllh  horn:   ^  malo. 

i  J         fret  •    •  _j.      J.  *  ■qnamosal  zyimmadc  style  or  max- 

forwards.      IniS  is  a  constant  lea-    llTo-jnKal  bar  ;  g,  po6^rrontal  bone; 

ture  in  recent  birds,  the  degree  fi^^i's^^^JiSraik^^^^^^^^ 

of   motion  which  this  peculiar  grorWi\*^,*^iri5i?"SSi^l^ 

mechanism  allows  being  variable.  ^^^^ 

The  form  of  a  bird's  vertebrsB  is  peculiar  to  the  class  ;  the 
articulation  of  the  body  (centrum)  in  all  the  vertebrae  in 
front  of  the  sacrum  being  saddle-shaped.  ^^In  Strigopa 
and  a  few  other  land  birds ;  in  the  penguins,  the  terns,  and 
some  other  aquatic  birds,  one  or  more  vertebrae  in  the  dor- 
sal region  are  without  the  saddle-shaped  articulation,  and 
are  either  opisthoccslian,  or  imperfectly  biconcave. "  (Marsh. ) 
In  the  fossil  lehihyQrnis,  which  had  a  powerful  flight,  the 
vertebrsB  are  bi-concave,  as  in  fishes,  and  Amphibians,  and 
a  few  reptiles ;  but  the  third  cervical  shows  an  approach  to 
the  saddle -vertebras  of  all  other  birds.  The  saddle  form 
renders  the  articulation  strong  and  free,  and  especially 
adapted  to  motion  in  a  vertical  plane.     (MaiftYv,^ 
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no  bony  union  of  the  two  pubic  bones,  nor  do  the  ischia 

unite  with  the  saemm  or  each  other,  except  in  Rhea.     In  the 

ostrich,  the  pubic  bones  are  solidly  united.     The  hind  limbs 

(Fig.  456)  are  two,  three,  or  four  toed,  the  ostrich  having 

but  two  digits ;  in  most  four-toed  birds,  one  toe  (the  hallux) 

is  directed  backwards,  while  in  the  parrots  and  trogons, 

etc.,  there  are  two  toes  in  front  and  two  toes  behind,  and 

in  the  swifts  and  certain  other  forms  all 

four  toes  are  turned  forwards.     The  bones  of 

the  skeleton  are  dense  and  hard ;  both  the 

long  bones  and  the  bones  of  the  skull  are 

commonly  hollow,  containing  air;  the  air-sacs, 

in  oonnection  with  the  lungs,  communicating 

with  the  hollows  of  the  bone.     In  some  birds 

which  fly  well,  only  the  skull-bones  have  air- 

oeDsy  while  in  the  ostrich  which  is  unable  to 

fly,  the  bones  have  even  a  greater  number  of 

cayities  than  the  gull.    The  body  during 

flight  is  thus  greatly  lightened,  and  the  bird 

can  sustain  itself  in  the  air  for  many  hours  in 

succession. 

With  all  these  characters,  the  most  re- 
markable and  diagnostic  external  feature  is 
the  presence  of  feathers;  no  reptile  on  the 
one  hand,  or  mammal  on  the  other,  is  clothed 
with  feathers,  though  the  scales  on  the  legs 
and  feet  of  birds  are  like  those  of  reptiles, 
and  it  should  be  borne  in  mind  that  feathers 
are  fundamentally  modified  scales  or  hairs. 
The  ordinary  feathers  are  called  pennae  or  »ti™8rc;7t»w««me 

^     xil  j.i_        J    i  .        1       XI     .      V^^^  isolated,  and 

contour  feathers ;  as  they  determine  by  their  »een  from  in  front: 
arrangement  the  ouUme  of  the  body.  They  toes.-After  oegen- 
are,  like  hairs,  developed  in  sacs  in  the  skin  ;  ^°'' 
the  quill  is  hollow,  partly  imbedded  in  the  derm  ;  this  merges 
into  the  shaft,  leaving  the  outgrowths  on  each  side  called  harbsj 
which  send  off  secondary  processes  called  barbules.  These 
tertiary  processes  (called  barbules  and  booklets)  are  com- 
monly serrated,  and  end  in  little  hooks  by  which  the  bar- 
boles  interlock.    Down  is  formed  of  feathers  with  soft. 


Fig.  4M.— Hind 
limb  of  a  Hawk, 
BiUeo  trulgaris.  a, 
femur;  6. tibia;  ^, 
fibula;  0,  tareo-met- 
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free  barbs,  called  plumules.     Over  the  tail-bone  (eocctfx)  m 
tisually  sebaceoum  glands,  which  secrete  aa  oil,  uaed  by  the 

bini  in  oiling  ftnd  di^i^ 
ing    or     "preening"    iU 
feathers.     In  some  birds^ 
especially  in  the  males  ol 
the  gallinacecius  fowls,  ui 
the  cock  and  turkey,  the 
head  and  neck  aro  orna- 
mented with  naked  folds 
of  the  skin  ca\led  "  combs** 
and  **  wattles."" 

The  brain  15  much  larger 
than  in  the  reptiles,  the 
cerebral  hemispherea  being  greatly  increased  in  giate,  while 
the  cerebellani  h  transversely  farrowed,  and  ia  so  large  as  to 
cover  tho  whole  of  the  me* 
dnlla.  The  alimentary  tract 
consists  of  an  uesophagus  as 
long  as  the  nec^k  ;  it  dilates 
in  the  domestic  fowl  and  other 
seed-eating  birds,  as  well  as 
in  the  raptorial  birds,  into  a 
lateral  sac  called  the  crop  (in- 
gluvtes).  The  stomach  is  di- 
\ided  into  two  parts,  the  first, 
the  proventri'cnlm,  which  is 
glandular,  secreting  a  digest- 
ive fluid  ;  and  the  second, 
which  corresponds  to  the  pylo- 
ric end  of  the  stomach  in  the 
mammals,  is  round,  with  mus- 
cular walls,  especially  develop- 
ed in  seed -eating  birds,  and 
called  the  '* gizzard.''  In  the 
fowl  the  gizzard  is  lined  with 
a  firm  homv  layer,  by  which 
the  for  *  I  and  comminuted,  thus  taking  the  plaoe 

o^  tine  (including  the  large  and  smaU  intei^ 
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or  Europe ;   tr^  tntbeii. —Alter  G«fmp 

bntin 


ANATOMY  OF  THE  PIGEON.  525 

tine)  is  long  and  ends  in  a  cloaca,  which  receives  the  ends 
of  the  urinary  canals  and  oyiducts.  Attention  should  be 
giTen  to  the  trachea ;  its  bronchial  branches^  the  larynx  and 
the  syrinx  or  lower  larynx,  which  may  be  developed  either 
at  the  end  of  the  trachea,  or  at  the  junction  of  the  trachea 
md  bronchiy  or  in  the  bronchi  alone.  The  thymus  gland 
(Fig.  458,  ih)  is  very  large  and  long,  while  the  thyroid  {t)  is 
a  small,  oval  mass  situated  at  the  beginning  of  the  bronchi. 

The  following  account  and  drawings  of  the  anatomy  of 
the  pigeon  have  been  prepared  from  original  dissections  by 
Dr.  0.  S.  Minot.  As  pigeons  are  one  of  the  most  readily 
obtainable  and  convenient  types  of  birds,  the  following 
description  of  the  anatomy  of  a  male  is  given  as  illustrative 
of  the  class,  those  peculiarities  being  especially  noticed  by 
which  birds  are  distinguished  from  reptiles  and  mammals. 

Before  dissecting  a  bird,  it  must  be  carefully  plucked ; 
this  operation  is  much  facilitated  by  dipping  the  animal  in 
boiling  water  for  a  few  minutes.  The  limbs  and  muscles  of 
one,  best  of  the  left,  side  are  to  be  removed  ;  the  powerful 
pectoral  muscles  cut  off  close  to  their  attachment  to  the 
keel  of  the  breast-bone,  and  the  ribs  then  cut  away,  care 
being  taken  to  avoid  injuring  any  of  the  internal  organs, 
most  of  which  will  now  be  displayed  in  situ  nearly  as  shown 
in  Fig.  459,  which  represents  a  dissection  carried  somewhat 
further. 

The  skin  (Fig.  469,  E,  from  the  neck)  is  characterized  by 
the  presence  of  numerous  ridges  which  cross  one  another, 
BO  as  to  enclose  quadrilateral  spaces ;  at  the  intersections 
of  the  ridges  are  small  pits  in  which  the  feathers  are  in- 
sorted. 

The  digestive  canal  begins  in  the  homy  bill  with  three 
openings,  one  the  large  gape  or  mouth,  and  two  oblique 
elongated  nasal  clefts  (n),  through  which  respiration  is  or- 
dinarily alone  effected.  It  then  extends  backward  under- 
neath tiie  base  of  the  skull,  where  it  splits  into  the  oesopha- 
gus and  trachea,  two  large  tubes  which  run  down  the  front 
of  the  neck,  the  cesbphagus  on  the  right  and  the  trachea 
on  the  left  Just  below  the  head  the  trachea  lies,  in  its 
normal  position,  in  front  of  the  oesophagus,  though  in  most 
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The  huigs  (VIg.  4S0,  Lu)  are  two  huge  sacs^  placed  dc 
r  m  the  anlehor  part  of  the  body-carity,  bat  not  suspenj^ 
teaa^  ia  a  short  thoraeic  sac  nor  endued  in  a  pleurat  as 
I ;  thtr  am  composed  of  reddish  spongy  tissue 
and  am  attaehed   between  the  ribe  by  connectire  tiasua 
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Bioh  hmg  has  upon  its  oater  and  dorsal  sarfaoe  five  trans- 
Twrae  depreanons,  corresponding  to  as  many  ribs.  Tha 
bronchi  and  pulmonary  blood-vessels  enter  together  the 
anterior  third  of  the  Inngs,  and  follow  one  another  in  their 
ramifications,  but  the  bronchus  traverses  the  lungs,  giving 
off  numerous  branches,  and  opens  into  the  abdominal  air- 
sac,  while  upon  the  surface  of  the  lungs  there  are  small 
openings  communicating  with  the  remaining  air-sacs. 
These  structures  the  student  had  best  tear  through  and 
altogether  neglect  in  his  first  dissection.  The  air-sacs  are 
thin-walled  bags,  nine  in  number  :  three  near  the  clavicle, 
four  in  the  thorax,  and  two  in  the  abdomen  ;  their  ramifi* 
cations  extend  even  into  the  bones,  most  of  which  are  ac- 
cordingly found  to  be  hollow.  This  striking  organization 
is  one  of  the  most  characteristic  peculiarities  of  birds,  and 
serves  to  lighten  the  body  by  filling  very  large  spaces  with 
air,  besides  fulfilling  certain  other  less  obvious  functions. 
In  many  chameleons  and  some  Geckos  the  lungs  have  di- 
vertioula  or  offshoots,  which  foreshadow  the  air-sacs  of 
birds. 

The  alimentary  canal  consists  of  seven  parts  :  the  (bs- 
ophagus,  crop,  glandular  and  muscular  stomachs,  large  and 
small  intestines,  and  cloaca.  The  oesophagus  extends  about 
three  fifths  of  the  way  down  the  right  side  of  the  neck,  and 
18  approximately  of  the  same  diameter  as  the  trachea,  with 
r^ard  to  which,  as  before  mentioned,  it  lies  symmetrically. 
It  opens  into  the  crop  (Or),  a  thin- walled  sac,  which  fills 
the  triangular  space  between  the  base  of  the  neck  and  the 
keel  of  the  sternum,  and  forms  a  large  part  of  the  curved 
outline  of  the  breast  In  the  specimen  figured,  the  left  half 
of  the  crop  has  been  removed  to  show  the  irregular  folds 
upon  the  kiner  surface,  the  deep  lateral  pouch  and  the 
three  posterior  longitudinal  folds  of  one  side,  which  serve 
to  guide  the  food  onward  to  the  stomach.  As  shown  in 
Fig.  469,  D,  the  crop  (Or)  ends  just  to  the  right  of  and 
above  the  trachea,  in  a  dorsally-plaoed,  narrow  tube,  that 
reaches  to  the  origin  of  the  bronchi,  and  there  gradually  ex- 
pands into  the  glandular  stomach,  which  cannot,  however, 
be  seen  in  a  general  dissection,  while  the  heart,  limgs,  and 


zoo  LOG  r. 

art  ftOl  til  situ*  The  mtiECtilJur  SEtomach  or  gixxard 
of  the  mmin  figure  u  represented  very  Urge,  being 
vith  food ;  it  i&  aometimes  fotuid  mueb  con- 
;  it  is  not  sharplj  separated  from  the  glxindokr 
the  tvo  beiag  in  reality  oaly  the  greatly  modified 
and  posterior  diYifiiotia  of  the  same  dilatatioiL  Tbe 
of  ttie  glaadular  stomach  and  the  origin  of  thf; 
ittieBtiike  are  near  together  upon  the  anterior  border 
ie  giamrd*  Tbe  walls  of  this  last  organ  are  remarkable 
the  eoonnoiift  development  of  the  muscular  iajers, 
in  Hie  graminiToroaa  birds,  under  which  pigeons 
to  bt  iiiehided  ;  the  muscles  radiate  on  each  side  from 
aiinl  tendiBOiia  epaoe.  The  small  intestine  has  no- 
0W  ooikk  ia  tibe  first  of  which  lies  the  pancreas  {Pan), 
'  mmdk  m  in  mammals.  The  large  intestine  (i2)  is  rel- 
;  ita  oommencement  is  marked  by  two  small 
dietiiictife  of  birds.*  These  appendages  are 
apecies,  as,  for  instance^  the  Odli- 
wUli  m  thelmatafd  they  have  been  described  as 
Oigeiibanr  considers  the  CBSophagns,  crop, 
to  be  derived  from  the  fore-gut^  the  small  in- 
the  Aii-giii»  and  the  hirge  inteatine  from 
«f  te  embiTa.  The  cloaca  (C7)  is  the  ahori  and 
0f  the  alimsaitary  canal,  and  further  | 
Ute  two  nielers  {  Ur)^  and  in  the  male  j 
(Fij),  in  the  female  the  two  oti-I 


haa  two  glaadnlar  appendages,  tlie 

^Adi)  aod  the  liver  {Li) ;   the  former,   us  in 

f,  ia  fvile  bige,  whitiaii,  and  sends  out  a  pro* 

B  to  the  spleen  ;  it  has  two  dacts. 

TW  kvw  (IA  u  wmy  TobuuAMe,  dark  reddia^  bniwn  iiij 

jIi^  ^f^  tesft  two  lebe%  which  rest  upon  the  apex  of  i 

^qttft  iwt  th^  gvnardt  and  eoiieeal  the  glandalar  siomachj 

f%«t«  u  »e  ipJI  hteMflr.  a  eooiewhat  annanal  feature  i 

Iji^  h^  ihMv  are  two  hSkt4mokh  Uie  laiger  and  i 
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opening  into  ibe  upper  part,  while  the  longer  duct,  after 
oniting  with  that  of  the  pancreas,  opens  into  the  lower  part 
of  the  duodenum. 

The  length  of  the  neck  in  birds  is  never  less  than  the 
height  at  which  the  body  is  carried  from  the  ground  ;  the 
number  of  vertebrsd  entering  into  its  formation  Taries  from 
9  to  24  (swan) ;  in  the  pigeon'there  are  twelve,  accompanied 
by  a  corresponding  number  of  spinal  nerves,  the  branches  of 
which  may  be  observed  immediately  underneath  the  skin. 
The  main  mass  of  the  neck  is  composed  of  the  vertebral  col- 
umn and  muscles,  the  trachea  and  oesophagus.  On  either 
side  of  the  base  of  the  neck,  in  close  proximity  to  the  trachea 
and  carotid  artery,  is  a  small  oval  white  body,  the  thyroid 
gland  (Tr)f  at  first  developed  as  an  evagination  of  the  fore- 
gut,  but  afterward  becoming  a  closed  and  ductless  sac, 
which  is  found  in  the  majority  of  vertebrates,  but  the  use  of 
which  to  the  organism  is  entirely  unknown.  Above  the  thy- 
roid lie  the  carotid  artery  and  jugular  veiu,  the  main  vas- 
cular trunks  of  the  head  and  neck.  The  right  jugular  vein 
is  usually  the  largest.  Along  the  side  of  the  neck,  above 
the  traohea  on  the  left  and  the  oesophagus  on  the  right,  lies 
the  elongated  thymus  gland  {Tm),  drawn  somewhat  dia- 
grammatically  ;  this  gland  forms  part  of  the  lymphatic  sys- 
tem, and  in  minute  structure  resembles  the  spleen. 

The  heart  {Ht)  lies  immediately  below  the  lungs  and 
against  the  sternum,  with  its  apex  between  the  two  lobes  of 
the  liver  pointing  obliquely  downward  and  backward ;  it 
is  enclosed  in  a  thin  membranous  bag,  the  pericardium, 
which  is  filled  with  serous  fluid  and  attached  to  the  roots  of 
the  main  vascular  trunks.  To  study  the  heart,  it  must  be 
excised,  taking  the  greatest  care  to  leave  as  much  as  possible 
of  the  vessels,  especially  the  large  veins  behind,  in  connec- 
tion with  it  Viewed  from  behind  (Fig.  459,  (?),  the  heart 
is  seen  to  be  composed  of  four  chambers,  the  two  anterior 
ones,  the  auricles,  being  the  smaller.  The  left  auricle  receives 
upon  its  dorsal  side  the  opening  of  the  united  pulmonary 
veins  (Pv),  one  from  each  lung  ;  the  right  auricle  is  larger 
than  the  left,  and  receives  in  its  upper  portion  the  right  vena 
cava  superior  ( Vsi)  \  in  its  lower  portion  the  left  vena 
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cava  superior  ( Vs)y  just  above  which  opens  the  vena  cava 
infmor  {  Ft).  The  two  larger  and  posterior  chamben,  the 
ventricles,  form  the  apex  of  the  heart,  and  give  off  the 
arterial  trimks.  Of  the  ventricles,  the  left  (  Ven,  s)  is  the 
largest,  has  the  thickest  walls,  and  alone  extends  to  the  apex 
of  the  heart  j  it  gives  off  the  aorta,  a  short  trunk  which 
divides  into  a  right  and  left  branch,  from  which  spring  the 
carotid  arteries  for  the  head  and  neck,  and  which  continue 
as  the  subclavian  or  auxiliary  arteries  A  and  A'  for  the 
wings.  Prom  the  base  of  the  right  branch  A  arises  the 
large  aorta  (-4o),  which  turns  siround  the  bronchus  of  the 
aame  side,  and  runs  to  the  front  and  right  of  the  vertebral 
column  through  the  abdomen,  forming  the  descending  aorta 
which  gives  off  arteries  to  the  intercostal  and  lumbar  regions 
and  to  the  viscera,  and  terminates  in  aertiraJ  branch  to  each 
leg.  The  right  ventricle  {Ven.  (l)  has  much  thinner  walU 
than  the  left ;  from  it  arises  the  pulmonary  aorta  {Pa) 
which  soon  branches  to  each  side. 

Birds  are  distinguished  from  reptiles  by  having  a  four* 
chambered  heart  and  a  single  permanent  aortic  trunk; 
from  mammals  by  the  persistence  of  the  right  instead  of 
the  left  aortic  arch  to  form  the  aorta.  Each  auricle  com- 
muuioates  with  the  ventricle  of  the  same  side  ;  the  con- 
necting orifices  are  furnished  with  valves.  The  right 
anriculo- ventricular  valve  is  muscular  in  all  birds,  while 
the  left  is  membranous. 

The  uro-genitH<il  organs  lie  dorsally  in  the  hinder  part  of 
the  body-cavity.  The  dark  reddish  brown  kidneys  (JTi) 
consist,  as  in  most  birds,  each  of  three  lobes,  the  podterior 
being  the  largest ;  they  he  immediately  behind  the  lungs. 
The  ureters  (Ur)  are  slightly  curved,  whitish  tubed^  which 
pass  back  from  the  kidneys  and  open  into  the  dorsal  side  of 
t!iG  cloaca.  The  testicles  {Te)  are  two  large  oval  whitish 
bodies,  each  situated  immediately  behinrl  the  lung  and  be- 
low the  kidney  of  the  same  side.  The  rasa  defereniia  (  Frf) 
arise  from  the  anterior  and  inner  surfaces  of  the  testiclefi, 
have  a  demons  course,  and,  after  forming  terminal  enlarge- 
ments, open  separately  into  the  cloaca,   in  front  of  the 
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nieten.     In  neither  sex  in  birds  are  the  genital  dncte  pro- 
vided with  accessory  glands. 

As  usual  among  birds,  the  head  is  approximately  top- 
shaped.  The  eyes  are  very  large  and  much  exposed,  as  be- 
comes evident  upon  dissecting  off  the  skin  as  in  the  figure. 
The  external  ear  is  a  mere  circular  opening,  entirely  covered 
during  life  by  the  feathers.  The  side  of  the  cranium  may 
be  removed  so  as  to  expose  the  brain,  with  the  large  smooth 
cerebral  hemispheres  ((7),  the  convoluted  cerebellum  (Ob), 
and  the  much  smaller  medulla  (Md).  To  study  the  brain 
satisfactorily,  it  must  be  removed  from  its  case.  A  view  of 
it  from  the  side  is  given  in  Fig.  459,  A,  and  a  view  from 
above  in  the  same  figure  at  B.  The  medulla  oblongata 
(if)  appears  as  hardly  more  than  the  enlarged  upper  end 
of  the  spinal  cord  ;  upon  its  dorsal  surface  there  is  a  trian- 
gular depression  IV,  the  fourth  ventricle,  which  is  par- 
tially concealed  by  the  cerebellum  (Ob),  a  large  mass  mark- 
ed by  transverse  ridges  and  imperfectly  divided  into  three 
lobes,  thus  exhibiting,  both  in  its  size  and  its  complication 
of  structure,  a  great  advance  over  the  reptiles.  The  corpora 
quadrigemina  or  bigemina*  {Q)  project  as  two  large  lobes  far 
out  on  the  sides  and  down  the  base  of  the  brain  ;  their  posi- 
tion and  great  size  are  characteristic  for  the  whole  class. 
The  optic  tAalami,  which  intervene  between  the  bigemina 
and  the  hemispheres,  are  relatively  small ;  they  enclose  the 
third  ventricle  and  have  a  funnel-shaped  downward  exten- 
sion, to  which  the  pituitary  body  is  attached,  as  to  a  stalk. 
The  cerebral  hemispheres  (Be)  form  more  than  half  of  the 
whole  brain ;  their  surfaces  are  entirely  without  convolu- 
tions, but  each  hemisphere  has  a  small  projection,  the  olfac- 
tory lobe  (OQ,  upon  its  anterior  and  inferior  extremity. 
The  cavities  of  the  hemispheres  or  the  lateral  ventricles  are 
very  large  and  extend  also  into  the  olfactory  lobes.  The 
greatly  thickened  inferior  walls  of  the  hemispheres  are 
termed  the  corpora  striata.  Birds  differ  from  mammals  in 
having  only  a  rudimentary /ornta;  and  no  corpus  callosum. 
The  description  of  the  cranial  nerves  is  purposely  omitted. 

*  Also  caOed  the  optic  lobes,  middle  brain,  and  mesencephalon. 
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id  ^3bm  ^badalmr   stomach  lies  the 
leddiili  brDwn  spleen. 
\m  todi,  wm  in  BMft  v«ftebfBtai,  several  spinal  nerfes  unite 
put  A  whkfa  \&  shown  at  B^  and 
Foslericirlj,  theie  is  also  fonned 
,  tortile li«L 
«f  tke  Madiaafe  mndinodified  in  accordance 

naotiiu  of  biids.  In  ooimection  with  ■ 
the  Willi  mini  has  a  Terj  large  keel,  to 
tha  paelofal  mudee.  ^)mptKiof^u 
mmk  eoctenial ;  it  arises  from  the  outer 
is  insCTted  into  the  hamertus,  and  ejects 
of  the  wing.  The  gecond  pectoral 
of  sBoie  anihora  and  the  homologue  af 
ittsigaifieant  BnbclaTins  of  human  anat^ 
tiie  iuMsr  portion  of  the  keel,  runs  forwanl 
aad«  tapering  oil,  passes  throtigh  a  grooTe  be- 
the  esnicoid  and  tleniiini,  as  orer  a  polky»  to  be  in- 
the  hwmiA.  The  wing  is  raised  by  its  action. 
In  te  ostrich,  alB.  {fiaiUm)^  the  breast-bone  has  no  keel, 
and  tiio  dkyesitiim  of  ihe  mosdes  of  the  rudimentary  wings 
greatlj  from  that  here  described.  (Minot) 
Wf  suij  be  distinguished  bj  the  large  \  ncipien t  eggs  i 
the  greaior  part  of  the  mass.  The  right  orai;  it  ■ 
mdevefoped,  biti  when  partlj  formed,  as  in  some 
hawfca^  die  iiggs  do  not  matiLre. 
The ''  wlute*^  is  deposited  aroond  the  tme  e%^  in  the  npper 
of  the  OTidooty  while  the  shell  is  secreted  from  glands 
ng  into  the  lower  part  of  the  duct.  The  eggs  of 
are  enonnoos  in  proportion  to  those  of  other  verte^ 
animals,  except  the  lisards.  The  egg  of  the  JEpff»rm$^ 
an  extinct  bird  of  Hadagasear,  is  about  a  third  of  a  metre 
(13^  inohes)  in  length,  and  as  the  egg  19  In  reality  a  cell, 
this  is  tha  largest  eell  known.  The  development  of  the 
ehiek  is  better  known  than  that  of  any  other  animal.  It 
traveb  the  same  developmental  path  as  other  yertebrates  in 
whiehanamniouand  allantois  are  formed.  Aboot  the  sixth 
day  of  embryonic  life  the  bird-characters  begin  to  appear, 
^  wings  begin  to  differ  from  the  legSj  the  crop  and  ^z- 
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fti  poiition^  Ijii^  len^* 
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Hm  hnwd  end.     On  th« 
la  throat  throagk 
to  bfaatbe  Uie  air 
.  the  polmonaiy  cir* 
and  at  the  aune  time 
Aa  Wihiliral  aitoriee.    The 
apletaly 
tbaiUlak  the  bfoad  end 
of  ita  beak,  caats  off  the 
and  chofioti^  and  stepe 
(FHliraiaBidliKtr.) 
berf«»aain  Intlea  and  aaakee,  a  Ioni- 
an the  ^^yor  jav^need  to  crmck  Urn 
In  birds  vhkfa  kj  small  egg^  with 
jo^  the  joon^  are  bfooded  in  neeti 
i  in  ^  hen  and  other  gaUina* 
bisda  and  man?  ewimmen,  as 
the  folk  m  aMwe  abundant,  the  joang  main* 
tdixaetlTan  halriiing, 
tho  bninaein  o<  reptodnetion  is  the  proceea  of 
die  old  and  weath!a*.bente&  f eatheis.  This  b  often 
a  eritica]  period  in  a  bird's  life,  judging  bj  the  ooGasiona] 
fmg  doneetkated  and  pet  birdk     The  annual 
iHin^  begina  at  the  oloee  of  the  hreeding  aeaaon,  tboogh 
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some  birds  moult  twice  and  thrice.  The  qoill-feathers  (rem- 
iges)  are  usually  shed  in  pairs,  but  in  the  ducks  (Anatida) 
tibey  are  shed  at  once,  so  that  these  birds  do  not  at  this 
time  go  on  the  wing,  while  the  males  pufc  off  the  highly- 
colored  plumage  of  the  days  of  their  courtship,  and  as- 
sume for  seyeral  weeks  a  dull  atfcire.  In  the  ptarmigan 
both  sexes  not  only  moult  after  the  breeding  season  is 
oyer  into  a  gray  suit,  and  then  don  a  white  winter  suit, 
but  also  wear  a  third  dress  in  the  spring.  In  the  northern 
hemisphere  the  males  of  many  birds  put  on  in  spring 
bright,  gay  colors.  Other  parts  are  also  shed  ;  for  example, 
the  thin,  homy  crests  on  the  beak  of  a  western  pelican  {Pelu 
canus  erythrarhynchus),  after  the  breeding  season,  are  shed 
like  the  horns  from  the  head  of  deer.  Even  the  whole 
coTcring  of  the  beak  and  other  homy  parts,  like  those 
about  the  eyes  of  the  puflin,  may  also  be  regularly  shed. 
The  variations  in  the  frequency,  duration,  and  completeness 
of  the  process  are  endless. 

As  a  rule,  male  birds  are  larger  and  have  brighter  col- 
ors, with  larger  and  more  showy  combs  and  wattles  than 
the  females,  as  seen  in  the  domestic  cock  and  hen ;  and  the 
ornamentation  is  largely  confined  to  the  head  and  the  tail, 
as  seen  especially  in  male  humming-birds.  Mr.  Darwin  has 
adduced  a  multitude  of  examples  in  his  Descent  of  Man, 
VoL  2.  Sometimes,  however,  both  sexes  are  equally  orna- 
mented, and  in  rare  cases  the  female  is  more  highly  colored 
than  the  male;  she  is  sometimes  also  larger,  as  in  most  birds 
of  prey.  There  is  little  doubt  that  the  bright  colors  of  male 
birds  render  them  more  conspicuous  and  to  be  more  readily 
chosen  by  the  females  as  mates,  for  in  birds,  as  in  higher 
animals,  the  female  may  show  a  preference  for  or  antipathy 
against  certain  males.  Indeed,  as  Darwin  remarks,  when- 
ever the  sexes  of  birds  differ  in  beauty,  in  the  power  of  sing- 
ing, or  in  producing  what  he  calls  ''  instrumental  music,'' 
it  is  almost  invariably  the  male  which  excels  the  female. 

The  songs  of  birds  are  doubtless  in  part  sexual  calls  or 
love-notes,  though  birds  also  sing  for  pleasure.  The  notes  of 
birds  express  their  emotions  of  joy  or  alarm,  and  in  some 
cases  at  least  the  notes  of  birds  seem  to  convey  intelligence 


636 


ZOOLOQT, 


of  the  diacovery  of  food  to  their  young  or  their  mate& 
have  an  ear  for  masie  ;  some  speeies^  as  the  mocking- 
will  imitate  the  notes  of  other  birds.  The  songs  of  birii 
can  he  set  to  music.  Mr,  X.  Clark  has  published  in  the 
Amei'ican  Naturalist  (Voh  13^  p,  21)  the  songs  of  a  ntunber 
of  our  birds.  The  singular  antics^  dances,  mid-air  erolo* 
tions,  struts,  and  posturin^s  of  different  birds,  are  without 
doubt  the  visible  signs  of  emotions  which  in  other  birds  hA 
rent  in  Yocal  music. 

The  nesting  habits  of  birds  are  varied.     Many  birii,  u 
the  gulls,  auks,  etc.,  drop  tbeir  eggs  on  bare  ground  orrocb ; 
as  extremes  in  the  series  are  the  elaborate  neste  of  the 
tailor- bird,  and  the  hanging  nest  of  the  Baltimore  oriole, 
while  the  woodpecker  excavates  holes  in  dead  trees.    Ai  % 
mle^  birds  build  their  nests  concealed  from  sight ;  in  tropi* 
cal  forests  they  hang  them,  in  some  cascs^  out  of  reach  ofprel* 
atory  monkeys  and  reptiles.  Birds  may  change  their  mitiDg 
habits  sufficiently  to  prove  that  they  have  enough  reaaoniag 
powers  to  meet  the  exigencies  of  their  life.     Parasitic  birdi, 
like  the  cuckoo  and  cow-birds,  lay  their  eggs  by 
the  nests  of  other  birds. 

The  duties  of  incubation  are,  as  a  rule,  performed 
female,  but  in  most  Passerine  birds  and  certain 
other  groups,  the  males  divide  the  work  with  the  fiMiiala, 
and  in  the  ostrich  and  other  Raiitm  the  labor  is  whotlr  pet^ 
formed  by  the  males. 

There  are  probably  from  7000  to  8000  speoies  of  ltT]ii| 
birds;    Gray's  **  Handlist"  enumerates  11,162,  bnt 
of  these  are  not  good  species.     Of  the  whole  Duml>er, 
700  distinct  species  or  well-marked  geographical  nn 
habit  North  Almerica  north  of  Mexico.     The 
distribution  of  birds  is  somewhat  complicated  by  tbeir 
gratiouB,  While  tlie  larger  number  of  species  aro 
arctic  birds  are  abundant,  though  most  of  them  are  oqtialii 
In  the  United  States  there  are  three  centres  of  distribntiofli 
(1)   the  Atlantic  States  and   Mississippi   Valley  ;    (^) 
Rocky  Mountain  plateau,  and  (3)  the  Pacific  eomtL 
migrations  of  bltiU  m\\\>Q\<t%«i\«%^^l  t^<«^  the  cIom  of  Hi 
rolume. 


dtic  birdi, 
staal^ 

led  1^1 


FOSSIL  Bap& 


6S7 


While  in  former  times  existing  birds  were  divided  into  a 
large  number  of  **  orders/*  these  are  now  known  to  be  sub* 
diTisiona  of  the  two  eub-classes  RatUm  and  f-arinaifp,  and 
probably  iu  many  cases  should  be  honored  only  with  the  rank 
of  sub-orders*  The  discovery  of  the  Archwopteryx  and  of 
birds  with  teeth  and  biconcave  vertebrsB  has  essentially  mod- 
ified prevailing  views  as  to  the  classification  of  birds. 

Subclass  1.  Saururm.  —  The  oldest  bird,  geologically 
speaking,  is  the  Archmopteryx  (Fig,  460)  of  the  Jurassic 
slates  of  Solenhofen,  Germany,  This  was  a  bird  about  the 
d26  of  a  cr^w,  the  tail  being  22  cent*  (8-9  inches)  long,  but 
longer  than  the  body,  supported  by  many  movable  vertebrae 


Fig.  4«0.~BeiU*ration  of  ArAaopUr^  mocrura.—Mvet  Ow«i,  ftom  NiclioJeon. 


and  covered  with  feathers  in  distichous  series,  not  in  the 
shape  of  a  fan.  The  jaw-bones  were  long,  and  contained 
conical  teeth.  The  head,  shoulder  girdle,  and  fore  limbs, 
with  their  thi-ee  digits,  were  reptilian  in  form.  (Vogt.)  In 
these  resf>ects  and  in  the  long  tail  the  creature  served  as  a 
connecting  link  between  the  re])tiles,  such  as  the  bird-like 
Cmnp&ognathns^  and  the  existing  birds.  The  hind  legs  and 
wings  have  the  ordinary  bird  i^tructure,  though  the  metacar- 
pal bones  were  not  co-oasiBed ;  the  foot  consisted  of  three  digits, 
Stih-clQ88%.  Odontornithes. — Still  another  connecting  link 
between  the  reptiles  and  birds  has  been  discovered  by  Marsh 
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\  bedf  of  tltiv  eouiitr;.    The  remains 

Ml  aqfiutie  bt?d  aboat  the  sixe  of  a 

Hiiritifla  are  nen  in  the  rertebra, 

I  «C  all  otter  \ktiBf  are  bioo&eave^  and  in 

jevsp  witk  itont,  oonical  t^teth  held  in 

I  Ike  mrrfilffff.     On  the  other  hand,  the  wings 

I  liM  kgB  were  of  the  ordinary  bird 

\  being  ciMMBfied,  while  the  fter- 

In  a  voond  member  of  the  group  {Hu- 

\  in  grooTea,  the  Teitebne  as  in  recent 

;  a  ked^  and  the  wingi  weie  nidi- 

\  3L  MmHim, — ^Thie  groopi,  represented  by  the  kiin- 
inv  tta  ma^  raMnniij,  and  ostrich^  ia  characterized  bf 
tka  ^aeadi  aakaelBi  ateuiiiiaand  the  short  tail ;  the  wings 
aMmfiBflatafTaad  thahind  legs  strongs  these  birds  (except 

eitiier  of  large  or,  as  in  the 
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Is  tlse  **kiwi*kiwi/'  or  Apteryx  of 
(f^  i^)f  of  which  there  are  three  or  four 
It  k  of  tbe  siae  of  a  hen.  with  a  long  slender  beak^ 
L  at  the  end  of  the  upper  jaw,  while  the 
\  witt  loflig  liaiiy  feathers.     The  female  lays 
I  large  egg,  which  weighs  one  quarter  as  much  sa 
Aa  faM  itself,  in  a  bob  in  thegroond.     It  is  a  night  bird, 
r  bT  ^j  nader  tareea. 

aetiidi-lSoe,  extinct  birds  of  Kew  Zeaknd^ 
ad  lapiresenled  bj  aereral  species,  chiefly  of 
tha  gWMfa  Hiasrmt  and  Pmlapi^ryx  {Fig.  461),  were  sup- 
poaid  ta  haia  been  aoateEiipoiaries  of  the  Maoris  or  natives 
of  Kav  Bflaail  WbOe  a  fourth  toe  (hallux)  is  present  in 
Iba  j^pjiryL  Ibe  mca*bird  has  only  three  toes. 
Tba  largeet  of  the  moas,  Dinamis  ffiffanieus  of  Owen» 
nawr^  three  nMftres  (9f  feet)  in  height,  the  tibia  or 
f  alone  neasiLring  nearly  a  metre  {2  feet  10  inches) 
'  la  Inftii.  Thasa  nioa  birds  belong  to  three  genera  ;  Bi- 
aerai#  with  ten,  Pukipt^ryx  with  three^  and  Ajftami^  with 
a  sii^  specias, 
▲^tted  to  tba  oioa  was  a  still  larger  bird|  the  J^pfomi$ 
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masnmu^,  of  Madagascar,  supposed  by  some  to  be  the  roc 
of  the  Arabian  Kighta'  Tales.  Of  this  colossal  bird,  remains 
of  the  skull,  some  vertebra?,  and  a  tibia  64  cent  long,  have 
been  found.  The  single  egg  discovered  is  of  the  capacity  of 
one  himdred  and  fifty  hens'  eggs. 

To  this  order  belong  the  three-toed  cassowaries  of  the 
Mast  indies  and  Australiaj  and  the  emeu  of  Australia  i  both 


(4S1.— MoA,  Pal<g)ierym^  with  three  Kiwi-kiwi  blrtLi.— After  HocliBtetter,  tram 

of  these  birds  are  about  %  metres  (5-7  feet)   high.     The 
I  South  American  ostrich  (Rhea  Americana)  with  three  toes  to 
ch  foot,  is  a  smaller  bird*  standing  1-3  metres  high,  riin- 
ling  in  small  herds  on  the  pampas.     The  two-toed  ostrich 
{Struthio  camelns  Linn.)^    of  the  deserts  of  Africa    and 
bia,  now  reared  for  the  feathers  of  its  wingB  and  tail,  so 
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I  as  flrtieks  of  eoouiiercet  10  the  larg^  bird  now  Ut* 
big,  being  2-i-7  metres  (6-8  feet)  high.  It  can  outnm  & 
hflne,  and  Utcs  in  floekft.  It  lajB  about  thirty  large  white 
in  a  nest  in  the  sand  ;  thej  are  cohered  in  the  day* 
bt  the  hen  or  left  exposed  to  the  snn,  while  at  mght 
IIm  Buile  sits  oTer  and  guards  them.  In  Cape  Colony^  os- 
kSA  beoome  an  important  business ;  in  1865 


l^s^^ 


.-^-A^^  Oooe**  yus§\ 


onfy  iightj  indiTiduaLB  on  the  oistrich  farms  ;  in 
Sl»t4f  oeiridies,  either  free  or  in  parka 
is  cnlUTatad  as  food  for  these  naefnl 
ostrich  is  in  Patagonia  hunted 
Eocone  Ti^tiary  period  a  gi- 
Cope)t  twice  as  large  as 
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«li  Ofltrich»  lived  in  Texas  and  New  Mexico,  part  of  a  leg- 
bone  having  been  found  on  the  Sao  Juan  River. 

Sub-cla^  4.  Carinatm. — All  other  living  birds  belong  to 
this  groap  ;  they  are  remarkably  homogeneous  in  form 
and  structure,  and  the  subdiviaions  may  be  regarded  as 
orders.  They  are  characterized  by  the  keeled  breast-bone 
or  sternum — ^the  wings,  as  a  rule,  being  well  developed. 

The  diving  birds  {Pygopode^)  are  eminent  as  swimmers^ 
and  comprise  the  penguins,  anks,  puffins,  grebes,  and  loons. 
The  penguins  are  confined  t-o  the  antarctic  regions.  They 
are  large  birds,  and  form  a  characteristic  element  in  a  Pata- 
gonian  landscape-  The  bones  are  solid,  not  light  and  hol- 
low, as  in  other  birds  ;  the  wings  are  small,  paddle-like, 
with  scale-like  feathers  ;  on  shore  they  have  an  awkward 
giwt.  They  lay  but  a  single  egg,  and  some  species  do  not 
ky  their  egg  on  the  rocks,  but  bear  it  about  in  a  pouch- 
like abdominal  fold.  The  penguins,  however,  differ  so 
much  from  the  other  divers  that  they  arc  now  often  ranked 
as  a  separate  group  of  this  grade,  called  Spkenisd. 

The  guillemots  and  auks  are  characteristic  arctic  birds 
ranging  from  Labrador  northward,  and  have  great  powers 
of  flight  The  gare  fowl,  or  great 
auk  {Alca  impennls^  Fig.  462),  ia 
nearly  or  quite  extinct,  being  un- 
til lately  confined  to  one  or  two 
inacceesible  islets  near  Iceland, 
where  it  haa  been  extinct  since 
1844,  and  to  Labrador,  though 
formerly  it  ranged  from  Cape 
Cod  northward,  a  few  survivors 
having  lived  on  the  Funks,  an 
islet  on  the  eastern  coast  of  New- 
foandlandt  within  perhaps  thirty 
years. 

The  loons  are  well  known  for 
their  large  size  and  quickness  in 
diving.     They  are  migratory,  laying  two  or  three  eggs  in 
rnahea  near  the  water*  s  edge* 

The  petrels,  gulls,  and  terns  (Fig.  463,  roseate  tern)  rep- 
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Tetn*— From 
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i£  §0^^  mad  kj  thetr  eggs  in  rude  nesii ' 
m  Ae  pmmaiL    Tbe  moei  Dotmbla  member 
w^batamm{Dmmim  crvlmt)  of  the  Sooth* 
Bi  wii^  wssfmnA  mcro  than  three  metres 
^kA    II  Ibjv  s  ngle  egg  li  cm.  longj  ind 
«t  i^  fifr  <tt  tbe  ooHUi  fur  airaj  from  laiid. 
(A/WSrwMi  I^wieoce,  Fig.  46i),  iiJ 


f^flL^^M7i 


i  TeaMj*  Zouiiu^f^ 


in  tlie  aBoendlng  series  hy  tfa 
» or  mui-of-war  bird,  the  darter  or  sunk 
hbiu  Am  OMMtttmtoy  pelicans,  and  gannets  {Steffnnopadei^ 
I  aU  foor  toea  an  fnllj  weblied*  tlie  ireb  reaching  i 
)  ^ifm^t  Ibe  loes.     The  bodir,  especially  in  the  pelieana  an 
it  toejred  op  more  than  in  other  birds  by  a 
IkVBiber  of  flmcli  mbdiTided  air-cells  under  the  Babcntane"^ 
k  areolar  Iww  of  the  body. 

The  petican  is  remarkable  for  the  large,  loose  pouch  on 
r  nnder  Jaw,  capable  of  holding  several  qaarta,  or  aeteral 
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hundred  Btnall  fishes.  In  the  East  Indies »  peiieans  are 
tamed  and  used  by  the  natives  in  fishing,  as  is  the  cormorant 
in  China,  while  in  early  timeg  it  was  in  England. 

The  dncks  and  geese  {LamelUrostres)  have  usually  broad 
bills  furnished  with  lamellate,  teeth-like  projections.  The 
feet  are  palmated,  adapted  for  swimming  rapidly.  In  the 
mergansers  the  bill  is  narrow  and  more  strongly  toothed. 
The  eider  duck  {SommaUria  mollhsivm)  which  breeds  from 
I^brador  around  northward  to  Scotland,  plucks  its  down 
from  its  breast,  building  with  it  a  largo  warm  nest  under 
low  bushes  on  the  sea-coast,  where  it  lays  three  or  four  pale 


Fl|f.  4».— Summer  Duck.— From  Tra»«j*i  Zoology, 

dull  green  eggs.  The  canvas-back  {FuliguJa  vaUmieria) 
feeds,  as  its  specific  name  implies,  on  the  wild  celery  (  Val- 
li^n^ria)  on  the  middle  Atlantic  coast  in  winter,  whence  it 
deriTefi  its  delicious  flavor.  The  summer  duck  {AizspQnsa^ 
Pig*  4^5)  breeds  in  trees.  The  original  source  of  our  do» 
mestic  duck  is  the  mallard,  or  Anas  bosehas.  It  is  known 
to  cross  with  various  other  species.  Upward  of  fifty  kinds 
of  hybrid  dncks  are  recorded,  some  of  which  have  proved 
to  be  fertile  (Cones).  The  black  duck  {Anas  oiscura)  is 
abundant  on  the  shores  of  Northeastern  America*  and  is  fre* 


The  wild  goose  {Sra%k 

)  breeds  in  the  North- 

Umled  Statee  and  In  Britkh 

Wliite  it  usually  breeds 

flA  tiie  dkores  of  nvers^  it  bu 

beesi   known  in  Colorado  and 

Montana  to  nest  in  trees.   Allied 

to  it  is  tlie  barnacle  gooee  of 

Europe  {Srania  feik?o;pm),irluch 

^«T  ranely  occnra  in  tlu«  conn- 

tzj«   Tbeffwinsarecharacteriied 

bj  ibar  long  necks,  the  trachet 

long,  eqjecially  in  the  tmm- 

a  cafity  in  the  breast-boiie, 

Innga, 

rniHgeemL 

or  ne:it  to  it»  also 
tbe  Ammoan 
>  IFtmrniufimms  mfcr)  ooonr- 
am  dM  Fkriia  and  OtOf  eoaet 
» aoarlet^  ita  biU  jeOow^ 
id  tkick^  whik  Oe  kga  and 
» of  giaat  hwffh  It  connects 
wftli  iibe  wading  birda, 
pwap  iotiBS  a  dlriiion 
tika  JTaMSefit  or  awinuning 
Wo  now  oome  to  the  GraOa* 
r  wading  bird%  which  hare  long, 
wdM  lifs»  and  therefore  long  neck% 
with  ttnaDj  remarkablj  long  biUa. 
Ttof  are  diTided  intoeranes^  rails,  etc. 
{Ahtimidm)^  the  herons  and  their 
aUies  {fffrodwHe^%  and  the  shore-birds, 
anipea  and  plorere*  or  Limicoim, 

Theeranes,  together  with  rails  (Por- 
aaiui  Oarclinaj  Fig.  46(3)  sometinieB 
have  lobate  feet,  the  toes  are  often 
long,  and  in  some  forms^  such  as  the 
coots  and  gallinules,  there  is  an  approach  to  the  dnoka. 
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Wig.  ^BS.-Long-UBfid  Carlew«-Prom 
Kbj. 


Allied  to  the  gallinoles  is  the  '*  giant  '*  Or  GatUnttla  {Le- 
guaiia)  figaniea  of  Schlegel  (Fig*  467),  which  formerly  lived 
in  the  Mascarene  Islands^  having  been  observed  as  late  as 
1 694.     It  stood  two  metres  (over  six  feet)  high.     With  it  wa« 

associated  a  large  blue  galli- 
nule — Forphyrio  {Notornis  f) 
emrukscena  Seljs-*whjch  was 
last  seen  on  the  Isle  Bourbon 
between  1669  and  1672.  It 
was  incapable  of  flight,  hut 
ran  with  exceeding  ewiftnees* 
The  cranes  are  of  great 
stature,  the  legs  and  neck  very 
longj  w^ith  the  head  sometimefl 
curiously  tufted.  With  the 
true  herons  are  associated  the  night  herons  and  the  bitterna 
of  the  United  States,  the  boat-hilled  heron  of  Central  Am- 
erica, and  the  odd  Balmniceps  rex  of  Africa,  which  has  an 
enormous  head  and  broad,  large  bill.  The  herons  are  8uc» 
oeeded  by  the  singular  ipoon-bills  represented  by  the  roie* 
ate  spoon-bill,  and  which,  with 
the  wood  Ibis  and  other  species 
of  this  group,  adorn  the  swamps 
and  bayous  of  the  South  Atlan* 
tic  and  Gulf  States, 

The  shore-birds,  or  the  car* 
lews  {Nu7nenius  hngiroBtriSf 
Fig.  468),  plover,  sandpipes, 
peeps,  snipes  {OallinagiJ  WiU 
wonii.  Fig,  469),  woodcock,  and 
atilt  {Hiniantopus  nigri€oUis\ 
Fig.  470),  are  long-legged,  long- 
billed  birds,  going  in  flocks  by 
the  seashore  or  river-banks,  ptf.  4fl«r-Ain«ficttii  saipo,— fkhq 
sometimes  living  inland  on  low  Tcaney'B  zooiogy. 
plains ;  they  are  not,  generally  speaking,  nest-builders,  the 
egg*  being  laid  in  rude  nesta  or  hollows  in  the  ground. 
They  feed  on  worms,  insects,  and  snails,  either  picking 
them  up  from  the  surface  or  boring  for  them  in  the  mud  or 
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Tt  of  their  hf>]m  bj 
__  ^^  on  the  groond. 
C'jgiaecting  in  wmt  degree 
3jid  galliiLiceoQ} 
bostardfl  of  the 
:iMn  etnnp 
"  -  nlk  the 
n^senied 
-  bitd,  the  Pak- 
_^^_  „    ,_/fl  LiniL,  whklj 
ka§  iharp  horns  on  the  wmgi. 
""      'cirm  of  the  gallina- 
rdfi,  fonnerly  called 
Mmmrm^  from  their  peculkr 
L  -  V  . .  -r  5;eratchiiig  the  groand 
=  ,  is  readily  recalled 
bf  *  «fliple  euomemtioii  of 
tko  pvtridge,  Oreortyx  (0. 
(CMys)^  ptannigm  {Lagapm,  Fig. 
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t  cr  bflRHYmrd  find* 


fli0  "  tmamiiig' 
■  garydM  plant* 
afe.    Tbe  £Uiii0»4im   is  ^ 

an  Africu  biid.     To  lliis 
gtvmf  Idlings  this  cnncMB  mi^x^ti&:  ^ 

i  and  K««  OnmeiL     It  heaps  up  a  large  mass^ 
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rabbish^  forming  a  bot^bed^*  in  which  ita  eggs  are  left  to 
hatch.  The  raegapods,  together  with  the  Aniericaii  guans 
and  Curasao W8  (Cracidt^),  form  a  sort  of  passage  from  tho 
gallinaceous  to  tlie  coluinbiue  birds.  One  of  the  most  puz- 
sling  forms  for  tlie  syiiitematic  ormthologist  to  deal  witli  is 
the  hoasiu  of  Guiana  [OphthommuB  cristatus  Illiger).  Ju 
this  bird  the  keel  of  the  breast-bone  is 
cut  away  in  front,  the  wish-bone  unites 
with  the  coracoid  bones,  and  also  with 
the  manubrium  of  the  breast-bone,  a 
thing  of  rare  occurrence  (Coues). 

In  the  tinamousof  Central  and  South 
^Vmerica  the  tail-feathers  are,  in  some 
casea^  entirely  wanting,  and  the  breast- 
bone and  skuU-bones  have  some  anom- 
alous features.     Moat  all  gallinaceous 
birds   hare   plump 
bodies,  with  short 
beaks    and     small 
rounded  wings,  not 
being    good    fliers. 
In    some  of    theu 
cranial     character.^ 
they  are  so  peculin 
that  Huxley  make- 
them    one    of    hi> 
primary     division- 
of  Carinaim* 

We  now  come  to 
birds  of  a  higher 
type,  ID  which  the 
knee  and  part  of 
the  thigh  are  free  from  the  body,  the  leg  being  usually 
feathered  down  to  the  tibio-tarsal  joint ;  the  toes  are  usually 
on  the  same  leyel,  being  fitted  for  grasping  or  perching. 

Tho  doves  are  rapid  fliers,  but  a  notalde  exception  is  seen 
in  their  extinct  ally  the  Dodo  [Didns  inept  us  Linn.)  of 
Mauritius,  which  became  extinct  ou  iho  island  of  Mauritius 
in  the  seventeenth  century,  while  the  solitaire,  Bldus  {Pe- 


Pig,  479  —  Whiti -Iriihil  Ptarmigan 
In  {upper  ilgurc]^   HUiiituvr   und   (lower 
plumagQ*— From  HitydcD's  Survey. 


Uie  idand  d  Bo* 

aboat  the  same  dak 

birdiy  incapable  of 

attinuils  wkich 

to  the  Xaactraie 

cominoQljr  fom  i 

ijmiiig  the  Tultiir«8, 

Doctiiriial  ovls^  hire 

vith  a  waxj,  dense  mem* 

Aa  Wk  af  tka  i^P^  mandible.     The 

faifda  li?e  either  on 

andiniecU. 

for  aiae  ia  the  oondar  of 

ijvfpkii),  vhidi  haa  gnatpowcn 

aaarij  three  metres  (nine 

{Cmtharfe^  atraiui 
iiesigen^  especiallj  the 
in  acnitliem  cities  imd 
L  stamps^  and  are  more 
i{ffmHa^usUucocephn' 
and  I  ef  jre  shedding  iu 
I  the  iriute-beaded  adnlt    It 
t ;  is  the  sworn  enemy  d 
.  aai^  Kb  ii»  fottd  ef  fish^  often  wresting  its 
!  tha  hawk.    This  species  is  tlie 
The  QBfnjoT  fish-hawk  (Pandicn 
a)  is  tapaihadi  ol  a  melee  kog^  nests  in  tall  tre^ 
:  the  hawks^  the  most  notable  an 
f  ar  lauilti^^  hawka,  used  during  the  Middle  Agm 
Aa  haia^ele.;  in  nature  thej  chase  their  p 
asi  kin  il  immaiiatalT»  derooring  it,  and  rejecting 
haa»aAdhairof  the  partly  digested  food  in  a  bidl  from  the 
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)  0wl  ii  a  biid  of  the  night ;  its  flight  is  noiseless,  ow- 
sng  to  iu  toll  phau^ge,  the  feathers  having  no  after-shaft 
Il  haa  large  era  and  a  hooked  hill^  gi^ng  the  bird  of  Ml* 

an  air  of  consommate  wisdom.  Owls  capture  living 
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mice  and  other  small  Boctumal  animals,  ejecting  from  the 
mouth  a  ball  of  the  indigestible  portions  of  their  meaL 
The  little  burroving  owl  of  t\m  western  plains  (Spkeofyto 
cunicularia,  var,  hypogma)  consorts  with  the  prairie  dogs  and 
rattleaBakes,  nesting  in  the  holes  when  deserted.  Their 
rosty,  dull  hues  assimilate  them  with  the  color  of  the  soil 
they  inhabit.  Our  largest  owl  is  the  great  gray  owl  {*S'^r- 
nium  cinereum)  j  it  is  nearly  }  metre  (2i  feet)  in  length,  and 


Fig.  4l73.^C«foilDA  P«rroqnet.— From  Teiiiiey*B  Zoology. 

ig  an  inhabitant  of  Arctic  Amoriea,  A  visitor  in  winter 
from  the  Arctic  regions  is  the  snowy  owl  (Nycfea  «tVm}, 
which  is  nearly  f  m.,  or  two  feet  long.  The  great  horned 
owl  {Bubo  Virffinianus)  is  about  the  same  size  m  the  snowy 
oirt,  but  has  two  conspicuous  ear- tufts,  adding  to  its  height 
and  Ob  general  impress! veness  aa  a  bird  of  more  than  ordi* 
pary  sagacity. 
Of  mote  intelligence  and  gifted  with  the  power  of  speecli 
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sre  the  {Murots  (PsiUact).  The  tongue  is  large,  soft, 
lemarkabl^  mobile^  us  tLe  muBcles  at  the  base  are  more  dii^ 
Imetlj  developed  than  iB  other  birds,  and  the  lower  laryni 
it  complicated  with  three  pairs  of  muscles  ;  hence  then 
birds  are  wonderful  mimickers  of  the  human  voice,  imi- 
talblg  the  laughter  or  crying  of  babies,  and  repeating  bnel 
■entenottt  while  some  sing.  In  proportion  to  their  capacit? 
for  talking^  parrots  command  a  ?ery 
high  market  price-  Their  toes  are  in 
pairSy  the  bill  is  eered  and  very  stoot, 
adapted  for  cracking  hard  nuts.  The 
wish-bone  is  sometimes  rudimentarr, 
and  the  sternum  entire,  not  notched. 
Parrots  are  monogamous,  like  the  hawks, 
and  nest  in  rocks  or  hoUow  trees.  Our 
only  parrot  is  the  Carolina  parroqnet 
{(hnurui  Carolinensis  Kuhl,  Fig.  4731 
which  is  common  in  Florida,  It  for- 
merly extended  to  the  Great  Lakes  and 
to  New  York,  but  is  nearly  exterminated. 
About  three  hundred  and  fifty 
are  scattered  through  tropical  couni 
Australia  and  South  America  being 
especially  favored  by  these  gorgeona 
birds.  The  ground  parrot  of  New  Ze»r 
land  does  not  fly,  all  the  others  hoi 
good  filers. 

The  Picarup,  a  somewhat  mil 
Deoaa  group   of  birds,  comprising 
fSS^nSt  woodpeckers,    the  cuckoos»   and 
JSJimSm.  ^^^  ^  swifts  and  humming*birds»  cod- 
Beet  the  preceding  groups  with  the  Pw- 
aagiiig  birds.     From  the  hitter  the  Picarim  oota- 
Uhr  ia    llie  form  of    the  sternum,    in   the 
Toctl  mpparalus,  there  being  no  more  than  t1 
p«irs  ei  «*|W9te  nmscka^  m  that  the  birds  are  not  musi 
liM  nature  of  the  toes  and  wing  and 
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and  the  bill  is  sttaiglit  and  stroeg.  The  iongne  is  long, 
flat,  homy,  and  barbed  at  the  end,  and  can  be  usually  darted 
cot  with  great  foreej  so  that  the  bird  can  make  holes  in  tbe 
bark  of  treea  and  draw  ont  the  larvae  of  insects  boring  under 
the  bark  ;  in  this  way  these  birds  render  ua  signal  service. 
The  tongTie,  as  in  all  vertebrates,  is  supported  by  the  hyoid 
apparatus,  especially  by  two  cartilaginous  appendages  to  the 
hyoid  bone,  called  ""  tho  horns. "'  Tliese  in  the  woodpeckers, 
when  fully  dcTeloped,  are  curved  into  wide  arches,  each 
horn  making  a  loop  down  the  neck,  and  thence  bending 
upward,  eliding  around  the 
skull,  and  even  down  on  the 
forehead.  Through  a  peculiar 
muscular  arrangement  of  the 
sheaths  in  which  the  horns  slide, 
they  can  be  retracts  down  on 
the  occiput,  and  work  as  springs 
on  the  base  of  the  tongue,  forc- 
ing it  out  with  great  velocity. 
Lindahl  has  noticed  in  some 
European  woodpeckers  an  asym- 
metric arrangement  of  the  horns 
as  indicated  in  Fig.  474. 

The  second  group,  the  Cuculi* 
comprise  the  hoopoes,  horn -hi  lis, 
kingfishers,  toucans,  and  cutk- 
ooB.  These  are  succeeded  by 
the  Cypselit  embracing  the  hum- 
ming-birds, goatsuckers,  swifts, 
nighthawk  (Chordeiles  Virgimanus^  Fig.  475),  and  whip- 
poorwiU,  which  have  long  pointed  wings,  great  powers 
of  flight,  small  weak  feet,  and,  in  the  humming*birds, 
long  slender  hills.  The  latter  are  peculiar  to  America, 
being  chiefly  confined  to  South  and  Central  America,  only 
one  species  {Trochihis  colubris  Linn/)  extending  into  the 
Eastern  IJnited  States,  though  a  dozen  or  more  species  oc- 
cur in  the  Western  United  States,  jind  very  many  in  Mexico. 

The  highest  group  of  birds,  those  which  sing,  are  the 
Pms€r§9  or  pcrchers.  In  these  birds  the  feet  arc  adapted  for 
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i  loe  pfojecliiig  twekward^wkile  the  bill  is  bomj, 
iioo(»rdiiig  to  Coues.  Yarioua  ai  are 
lilt  dkflfo  of  the  wimgB^  thej  agree  in  haying  the  great  row 
of  oowit  not  longer  ihan  helf  the  secondaries ;  the  pri- 
mines  eidier  nine  or  ten  in  namber^  and  the  secondanei 
more  thaii  six*  13ie  tail,  extremely  Tariable  in  shape,  hu 
twelve  leelrieee  (with  oertain  anomalons  exceptions).  TfaetB 
is  but  ooe  common  carotid  artery,  and  the  stemnm  is  Tecy 
anifQcm  in  shape.  Their  high  physical  irritability  is  co- 
ordinate with  the  rapidity  of  their  respiration  and  circula- 
tion ;  they  conaiune  the  most  oxygen  and  live  the  fastest 
of  aU  birds  (Cones), 

There  are  two  groups  d 
Passerine  birds,  differing  in 
the  structare  of  the  loiwf 
larynx  ;  in  the  first  {ClamO' 
ions)  the  vocal  organs  art 
more  or  less  rudimentar;, 
the  species  not  being  singers, 
while  in  the  eecond  mid 
higher  division  (Osdfmj  the 
lower  larynx  is  so  developed 
that  most  of  the  species  ex< 
eel  as  singers.  In  the  sing- 
ing birds  the  rocal  apparatus 
{sffHnx),  or  lower  la^nx^  is 
sitnated  next  to  the  lungs  at 
the  end  of  the  windpipe,  with  a  muscular  apparatus  formed 
of  five  or  six  pairs  of  muscles,  whose  action  varies  the 
tension  of  the  vocal  cords  and  narrows  or  widens  the 
glottidea,  which  are  elastic  folds  of  the  mucous  membrane. 
A  fold  of  the  tympanal  membrane  of  the  syrinx,  caUed  the 
memhrana  seimlunaris,  projects  inward* 

Representatives  of  the  Clamatores  are  the  Acadian  fly- 
catcher, the  wood  pewee,  the  pewee  or  phcsbe-bird^  and  the 
kingbird  (Fig,  476).  The  last,  sometimes  called  the  bea- 
martin.  Cones  tells  us^  destroys  a  thousand  noxiona  insects 
for  every  bee  it  eiits.  The  lyre*bird  (Fig.  i77)  is  also  a 
member  of  this  group. 


FJff.  €T».-KtDgbifd.^ 
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This  bird,  with  tail  leathers  so  strikingly  developed  (Fig. 
477),  is  go  peculiar  among  higher  Passeres  that  it  has  beeE 
proposed  to  separate  it,  with  certain  probable  allies,  from 
all  the  rest 

The  Oflcinea  are  represented  by  a  host  of  species.  These 
birds  stand  at  the  head  of  their  class ;  and  as  they  are  moatly 
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Fig.  CT.— The  Lyre-blnJ  of  AiiPtnillfl  (Jfmtira  irwj>erflfl), 

of  amall  size,  it  may  be  said  of  them  that  they  excel  in  qual- 
ity, not  quantity  ;  most  of  them  sin^,  being  highly  wrought, 
exquisite  winged  gems.  Among  the  most  notable  are  the 
including  the  magpie  of  the  Rocky  Mountains  (Fig. 
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ft  bird,  iiotwitli- 
;  tbe  oriole,   whott 
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hanging  nest,  brilliant  colow,  and  lively  song  render  it  one 
of  our  most  interesting  birdfi ;  while  the  reed-bird  of  tbe 
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F!|f.  480.— WMbllag  Vlwo.— From 
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South  or  bobolink,  as  it  is  called  in  the  North,  wakea  up  the 
meadows  with  his  lively  notes.  The  finches  with  their 
conical  beaks  are  succeeded,  m  the  ascending  series,  by  the 
English  sparrow,  a  bird  useful  in  the  cities  in  destroying 

canker-worms,  hot  a  nuisance  in 
the  country.  Our  song-sparrow 
{Mehspiza  fasciata)  is  widely 
distributed,  and  everywhere 
commends  itself  by  its  pleasant 
notes.  Quite  opposed  in  its 
habits  is  the  butcher-bird  or 
shrike  (Fig.  479),  a  quarrelsome, 
rapacious  bird,  wliicli  feeds  on 
insects  or  small  mammals,  often 
impaling  tliem  on  thorns  or  sharp 
twigs,  and  leaTing  them  there.  The  group  of  vireos  or 
greenlets  (Fig,  480)  are  peculiar  to  America  ;  their  bills  are 
hooked,  with  a  notch  at  base  ;  they  are  warlilers.  The  wax- 
wing  {Ampelis  cedrorum^  Fig.  481)  is  the  type  of  an  allied 
family-  The  swallows  and 
martins  are  interesting  from 
the  change  made  in  the  nest- 
ing habits  of  the  more  com- 
mon species  which  rear  their 
young  in  artificial  nests  or 
in  barns,  or  under  the  eaves 
of  buildings. 

Another  group  character- 
istic of  North  America  is 
the  warblers,  Dendrmca  (D, 
viretis,  Fig/  482)  being  the 
representative  genus.  On 
the  other  hand*  the  larks 
are  an  Old  World  assemblage 
of  birds,  but  few  species 
occurring  in  this  country,  while  the  wrens  (Fig.  483)  ar« 
mostly  restricted  to  America- 

The  smallest  bird  in  the  United  States,  except  the  hum- 
ming-bird,  is  the  gold-crested  kinglet    (Reguluji    satrapa 
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LichteBatein)^  which  is  leas  than  9  cm.  (3f  inches)  in  lenri 
Lastly  come  the  bluebirdi  the  melodioos  thnuhes,  and  f 


pig.  488.— winter  Wiwl— Fmn  CJom^  Key. 

mooking-birdf  while  at  the  bead  of  the  claa  in  il 
0tandfl  the  robin  {Turixi^  mtgratoriu^  Linn*). 


aLABsmjOAimN  of  BIBDA  66? 


Clam  VL^AVES. 

Futihm^  VerUbratei;  Jaw§ene<ued  in  h&my  heakBineaeidingformi; 
ikB  fare4imhi  J&mwng  wing*;  warmMooded;  hsart  four-chambered; 
htnge  vUh  aoeeseary  ai/r-eaee;  the  honee  denee,  hollow;  omparous;  eggt 
•^ry  (Pl^f  covered  dy  a  ealeareeus  shell. 

StA-daee  1.  &ittrur«.— Tail  m  long  m  the  body ;  head  and  fore  limbs 
reptilian ;  with  liBathers,  acalea,  and  teeth.   (ArckaBopteryz.*) 

SulhcUue  2.  OdontomUhee, — ^Vertebre  biconcave,  or  aa  uaoal ;  jawa 
alender,  with  teeth  implanted  in  sockets  or  in  grooves;  meta- 
carpals co-ossified  ;  sternum  keeled  or  unkeeled  ;  wings  well 
developed.    (Ichthjorais*) 

Aift-elasiS.  BaHta. — Stemnm smooth;  wings radinMntarj.  (Struthlo). 

BtA^ikm  4.  Cbrjnato.*-Stemiim  keeled ;  wings  well  developed.  (Tar- 
dus. 

Zaboraiar^WorlL — ^The  stodent  should  prepare  a  skeleton  of  a  hen  or 
anj  other  bird,  and  compare  it,  and  especially  the  skull  and  limbs,  with 
those  of  a  reptile  and  a  mammal.  In  dissecting  a  pigeon  or  fowl,  at- 
tention should  be  given  to  those  points  previously  indicated  in  which 
birds  diverge  from  reptiles  on  the  one  hand  and  mammals  on  the  other. 


Class  VIL — Mammalia  {MaminaU). 

General  Chaiaoten  of  Kammals.— In  the  mammals^  which 
begin  with  the  dnck-bill^  a  creature  in  some  respects  re- 
minding UB  of  the  birdSy  and  end  with  man,  we  obserye, 
as  compared  with  birds^  an  increased  complexity  of  stmc- 
tnre  ;  and  in  the  natore  of  the  work  done  by  the  different 
organs^  we  may  see  a  constant  tendency  to  a  development 
of  parts  headwardy  so  that  the  head  becomes  large  in  pro- 
portion to  the  body,  the  brain  increases  in  size,  and  the  fore- 
limbs  finally  become  hands,  ministering  to  the  intellectual 
wants  ol  the  animal.  Also,  as  we  ascend  the  series,  the  body, 
from  being  horizontal,  with  limbs  adapted  for  walking  on  all 
fours,  becomes  finally  in  the  apes  semi-erect,  in  man  wholly  so. 

The  greatest  step  in  advance  over  the  reptiles  and  birds 

*  Vogt  believes  that  this  is  a  bird  like  reptile  ;  a  more  perfectly  pre- 
served specimen  having  lately  been  found,  showing  that  the  lieadand 
fore  pari  ol  the  bodj  were  more  reptiUan  than  Owen  supposed. 
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m  m  tt»  Mtero  of  &»  fimbi^  liie  Ftmctxire  of  the  bead,  t)ic 
mgmm  of  ffooU  jcbkv  togeiiier  with  tbje  men^ided  com- 
plexity af  tkfl  JMtli,  ad  the  fiiae  and  oompticated  etractnre 
ef  t^  bram«  puticiiluiT  at  Uie  ceniebniiii  snd  cerebellniii. 

Tfa»  iMm  important  (diagnortic)  features  of  the  mammalfl 
am  the  artkolalioa  of  the  lover  jaw  directiy  to  the  sknll^ 
Uw  qaadiBte  bone  befiontng  one  of  the  ear-bones  (the  mal- 
laiis)  ;  there  are  two  occipital  condyles  ;  the  teeth  are  dif  er 
Mtialed  into  incidors^  canines^  premolars^  and  molars ;  the 
body  la  oonered  with  hair.  The  body-carity  i&  divided  iato 
two  compartmeiitB  (tbonx  and  abdoanen)  by  a  large  mnsclei 
the  diaphragm,  ao  that  thelnngs  are  separated  from  the  ib- 
donunal  Tiaoera.  From  the  fofur-chambered  heart  tlie 
single  aorta  is  reflected  oTer  the  left  broDchod  ;  the  blood  is 
warm, with  nom-nncleatedcorpDaclee  ;  the  circulation  iseom- 
pleie,  the  blood  being  entireir  receired  by  the  right  auricle 
and  transmitted  by  the  right  Tentricle  to  the  longs  for  avia- 
tion, whence  it  is  after  jrard  returned  by  the  left  rentrick 
through  the  syntem.  The  brain  is  much  larger  than  in 
birdfi,  the  cerebral  hemispheres  forming  the  bulk  of  the 
brain,  and  gradnally,  in  different  members  of  the  ascending 
eeriee,  overarching  and  finally  concealing  from  aboTe  the 
eerebellnm.  The  cerebral  hemispherea  are  more  or  lees 
connected  (and  in  nearly  inverse  ratio)  by  an  anterior  com- 
missure and  a  superior  transverse  commissure  {corpus  calUh 
sum),  the  latter  more  or  less  roofing  in  the  lateral  ventricles 
(GiJl).  Mammals  are  viviparous^  the  embryo  developi^^^ 
from  a  minute  egg,  and  the  young  after  birth  are  fed  w^ 
the  mother  with  milk  secreted  in  the  mammie  or  mammary 
glands ;  hence  the  name  of  the  class.  Mammalia. 

Returning  to  the  skeleton,  whioh  we  may  examine  more 
in  detail  :  the  skull,  as  a  brain<box,  is  much  larger  thau  in 
the  reptiles  and  birds.  The  brain^cavity  of  Corj/pkodon 
and  other  extinct  Tertiary  mammals  was  exceedingly  small, 
scarcely  larger  in  proportion  than  in  reptiles,  and  there  is  a 
progressive  increase  in  size  of  the  cavity  of  the  skull  in  the 
more  specialized  descendants  of  this  early  Tertiary  type,  as 
seen  in  that  of  the  horse,  when  compared  with  it^  Eocene 
progenitors.    There  is  also  a  decided  increase  in  the  brain* 
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box  of  the  monkey  as  compared  with  that  of  the  lemur,  and 
of  apes  as  compared  with  monkeys,  while  in  man  the  brain 
capacity  is  twice  that  of  the  highest  apes. 

The  different  regions  of  the  vertebral  column  are  better 
defined  than  in  the  birda  and  reptiles  ;  this  is  seen  in  the 
cervical  vertebrae,  the  number  of  which  13  usually  seven » 
The  exceptions  to  this  rule  are  few,  there  being  six  in  one 
sloth  {Cholcepusj,  eight  or  nine  in  another  sloth  {Bradt/pus)^ 
and  six  in  the  American  manatee.  Behind  the  cervical  is 
the  dorsal  region,  consisting  of  from  ten  to  twenty-fourj 
Qsually  thirteen,  vertebrae,  and  the  lumbar  region,  which  is 
composed  of  from  two  to  nine,  usually  six  or  seven,  vertebrae, 
and  is  mai*ked  off  by  the  absence  of  movable  ribs.     The 


Tig.  484.-8kEill  of  the  Lltm.— After  Owen. 

Iionld^r-girdle  is  not  solidly  united  to  the  dorsal  vertebr®, 

|>iit  loosely  attached  by  muscles  and  tendons.     The  pelvis 

-i,e,,  that  portion  called  the  ilium — connects  with  a  single, 

E^metimes  two,  rarely  three,  vertebras  of  the  sacral  region, 

ad  the  union  of  these  vertebn^  with  one  or  more  caudal 

ertebra?  forms  an  aaaemblage  of  consolidated  vertebrae,  called 

iie  OS  sacrum^  which  in  the  sloths,  or  Edentates,  comprises 

dght  or  nine  vertebrae.     The   number  of  caudal  vertebra 

in  the  monkeys  may  amount  to  tliirty,  in  the  long- tailed 

man  is  (Fig.  501)  to  forty,  while  in  other  mammals  there  may 

!      be  less  than  this  number,  there  being  four  retained  by  man 

^■and  the  larger  apes,  while  in  acme  bats  there  are  only 
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But  it  is  in  the  limbs,  and  especially  the  feet,  of  inammali 
that  the  skeleton  varies  most*  and  always  in  accordance  with 
the  different  habits  of  the  creature.  The  limbs  of  mamnuli 
differ  from  those  of  the  lower  vertebrates  in  the  fact  stated 
by  Oegenbaur^  that  the  planes  in  which  the  angles  of  the 
limbs  of  either  side  are  set  are  parallel  to  the  vertical  me- 
dian plane  of  the  body,  thus  giving  greater  independence  to 
the  limbs,  which  now  become  supports  for  the  body,  sinoe 
they  raise  it  from  the  ground.  Beside  this,  the  angles  be- 
tween the  equivalent  portions  in  each  limb  do  notagred 

with  each  other,  as  in  the  rep* 
tiles,  but  point  in  an  opposite 
direction  in  the  case  of  the  fore 
and  hind  limbs  respectively 
(Gegenbaur).  As  wo  ascend  in 
the  mammalian  series,  the  limbs, 
particularly  the  fore-limbs,  are 
variously  modified.  The  limbd 
of  whales  are  paddle-like,  though 
the  bones  of  the  limbs  are  homo- 
logons  with  those  of  other  mam* 
mals.  The  feet  of  the  aeal  are 
webbed,  forming  flippers  ;  it  can- 
not support  itself  on  ita  limbs, 
but  the  fore-feet  have  consider- 
able motion  of  the  radios  on  the 
ulna.  In  the  dog  the  fore-limbs 
have   but  little  motion   of   the 

radius  on  the  ulna,  but  the  cats 

'         '  {IWda)  have  more  of  thia  rotary 

mMm^  enabling  them  to  grasp  with  the  fore-foot  This 
rolMT  notion  of  the  fore-arm,  involving  the  modification 
of  ihf$  fofi»*Jool  into  a  hand,  is  seen  in  the  thum bless  mon- 
ktjps  (Pig.  485)»  and  in  those  provided  with  a  thumb,  in  tho 
g^orilljik  and  espcieiAlly  in  man.  The  e!ctreme  of  specialiia* 
i^M  fbor  Umba  is  seen  in  the  horse,  which  has  but 
Wttlks  on  its  single  toe-uaiL  In  the  bat»  the 
fikfed  together  as  one  bone,  and  the 
«tly  ki^thened.    The  Uber»lloii  of 
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ihe  limb  from  the  body  becomes  more  marked  as  we  ap^ 
proftch  man.  In  the  aeal^  only  the  wrist  protrudes  from 
the  skin,  the  limb  of  the  otter  slightly  more ;  the  horse's 
leg  does  not  protrude  beyond  the  elbow,  that  of  the  monkey 
projects  two  thirds  of  its  length,  while  in  man  the  limbs 
become  wholly  free  from  the  trunk  (Wyman)* 

The  hairs  originate  in  minote  sacs  which  extend  from  the 
epidermis  into  the  eatis  ;  from  the  bottom  of  thia  inpnshing 
of  the  epidermis  grows  up  the  shaft  of  the  hair^  which  is 


-IXagram  of  the  devejopmont  of  the  nh^  . .  ,  ,  . . :  „.  ,  i  tion.  <],  peripbery 
Inlar  trea  (h) ;  gt,  Kbinds.  A,  form  m  tli«  glAod  iu  Kciilduft ;  B,  \U  form 
C  Itii  form  in  tome  uDgalatcM,  as  tlie  covr^  imire,  etc. — After 


surrounded  at  the  base  by  the  cellular  wall  of  the  hair-sac 
forming  the  root-sheaths.  The  spines  of  the  porcupine,  the 
scales  of  the  Manis*  of  the  armadillo,  of  the  tail  of  the  rat, 
are  modified  hairs,  all  developing  in  the  Siime  manner. 

Many  mammals,  especially  the  ruminants,  as  the  deer,  ox, 
rhinoceros,  etc.,  are  armed  with  horns.  There  are  two 
kinds,  those  which  are  solid  and  bony,  as  in  the  d^r  ;  while 
in  others,  as  the  antelopes,  sheep,  goats,  and  oien,  the  horns 
are  hollow,  the  horny  case  enyeloping  a  bony  core  i  b^ngQ 


zoo  we  r. 


fhqr  an  ■omelifiifg  oiled  Cavicmi^  In  most  homed 
■MMimah^  tlia  homi  are  persutent ;  in  the  deer  tbej  arc 
diopped  aaniiaUf ;  in  tbe  proDg*homed  antelope  (Fig.  4S?) 
Ihe  iMifxia  at^e  alio  abed  annnallv. 

The  ntaaimaij  glanda  are  mudifioationa  of  the  tegnroeni- 
aiT  giandi  which  are  foand  in  all  rertehrates  except  iishe^. 
In  the  dnckbiU  and  spinj  ant-eater  (Echidna),  these  glands 
lateia  their  eii^le  aLenenlary  nature.  In  all  others  nip* 
flea  are  developed  (Fig.  486).  Thej  correspond  in  genenil 
to  tbe  nnmber  of  jonng  in  a  litter. 

The  doitition  naeda  careful  stadj  in  connection  with  the 


Fig.  489.— Skull  of  *  ForcaiiiiiA.— Aflor 


foml  remains  of  mammala,  as  the  different  orders  are  char- 
acterized in  great  part  by  the  differences  in  the  form  and 
nnmber  of  the  teeth,  which  are  intimately  correhited  with 
the  structure  of  the  digestive  organs  and  the  nature  of  tbe 
limbs  ;  thus  while  vertebrae  are  useful  in  identifying  or  re- 
storing fossil  reptiles,  the  teeth  are  especially  serriceable  in 
classifying  fossil  raiimmals.  Some  existing  forms  are  en- 
tirely toothless,  as  the  duckbill,  where  the  teetli  are  nipre- 
sented  by  horny  plates,  and  the  ant-eater  (Fig.  488).  While 
the  sloths  hiivc  no  incisors,  these  are  present  and  very 
large  in  the  rodents^  but  the  canines  are  absent  (Fig.  480)» 
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elephant  tte  upper  incisors  form  the  tusks, 
iding  teeth  of  the  lower  jaw  being  absent,  J 
teetli,  as  those  of  the  deer  (Fig,  490),  the 
croim  of  the  molars  is  quite  convex^  with 
creaoent-shaped  enamel  areas.  The  canines 
atre  large  and  sabre-shaped  in  the  cat  fani> 
fly,  while  in  the  pigs,  especially  the  baby- 
roojna  of  Malaysia,  the  upper  pair  curve 
upward  and  backward  to  the  forehead> 
The  premolars  and   molars   have   two  or     f%,  490.-€rown  of 

three  roots  or  fangs  ;  in  none  of  the  lower  Sow'uS^'thc  e»JmS 

feitebtateB  do  the  teeth  have  more  than  1^%^*'''^''''^'^' 

one  root 
The  organs  of  sense  are  much  developed,  especially  the 

wt.    The  quadrate  bone  of  the  reptiles  and  birds,  which  is 


^irj 


*„   ^-& 


P|^  ^^—nfamm  of  \he  labyrinth  of  the  ear  In  71  the  t»h,  FT,  the  bi  H.  and  ///,  % 
■OBBidL  Ut  tttflcaJB»;  S,  ftairculiia;  US,  utiictihiM  and  ft^nccului*;  Cr,  caiiul tx  rf[inleii« : 
l;  WMMai  labyrttalh!;  UC.  commeocement  of  the  cochlea,  € ,  L.  lujr«iiu;  A',  crecul 
«e«t  tti»  vpev;  C.  ccecal  sac  of  the  veatibalum  of  Uie  cochlear  cunal.—Aftt'r  W&l- 
4tpr,  tfvm  Qtgnlhmni. 

kfge^  external,  and  suspends  the  lower  jaw  to  the  skull,  now 
boootnes  minate,  internal,  and  forms  one  of  the  internal 
bones  {maUeuB)  of  the  ear.  The  labyrinth  of  the  ear, 
iargeai  in  fishes,  is  smaUest  in  mammals.     The  cochlea 


MOOMOr. 


itU  Q  >i  ftiMJlj  defdoped  m  tin  niAinnialiR,  irliill 

EOBmal  m^  mmm  mpfmtB.    Thii  im  a  proloagatiou  of 

4iB  of  tike  fini  bnadual  d^  ol  tiio  embryo.    Then 

ia  the  Monotremee  (docklnll). 

the  Siraiiaas  or  aeA-oows^  m 

K  Ail^  ittd  ii  ivy  «ull  in  Uie  nred  m^  (O/ana). 

r  m^^  wmmamim  m  not  MH&tiillj  dilTereiit  from  thi^t  af 


'  of  llfee  mII  p«ri8  of  a  mammid  m»j 

\  a  City  with  Ihe  aid  of  the  following 

I  prepared  br  Dr.  C.  S.  Minot : 

the  geaecal  aaatomy  of  the  cat ;  tbo 

iftd  i%kl  kalt  eC  die  bodj-wall  hare  heen  remoTfid* 

>>lj  ijniij  ii  dfrided  into  an  anterior  and  poetertor 

MB  ty atiaBSicai  anihed  partition,  the  diaphragm  {D)^ 

af  a  tliidEer  penpberal  moscnlar  portion  and  i 

parL    Through  the  latter  ptM 

1  tlM  <BK>phagD&     The  anterior 

tbotax  or  pleural   carity,   and  contatna 

ifgaw  aad  hetfi^     To  ehow  these,  the 

4^  \m^  \m  beea  lenoTed.    The  heart  {Hi)   wu  ea- 

fliiail  ia  &a  tiii»-valled  pericwdiil  nc,  which  has  been 

Wl  amf*    1W  great  mtaaio  veins  enter  from  behind-^ 

ajL,  AoraaObf ;  f^ooi  below  the  eefwi  cava  inferior^  passing 

Wf  tlDW^  tbe  diiphrigat  and  onitiiig  opposite  the  h^rt 

wkk  Ika  lugi  vciii»  mm  mtftrior,  T,  from  above,  tbe  two 

OBptpag  iale  the  right  anxiele.     The  (Bsophagos  (0$) 

afferiiei  Hit  tndiea  ( TV).    The  aorta  ariaes  from  the  heart, 

aftd,  earriag  vpwanl  and  backward,  nmB  to  the  t$ft  of 

batii  ttadMi  and  (BKphagoiy  aa  indicated  by  the  dotted 

finei^  and  qootiiiaei  its  backward  course  just  below  the  Teita 

aargosy  into  the  abdomen.    The  trachea  gives  off  a  bronehuB 

to  each  long  (X«).    The  Innp  are  saccalated  elastic  organs^ 

with  no  main  central  cavity*    They  are  separated  dorsally  by 

a  IhiA  median  vertical  membrane  {M}^  the  imdiastmum,  the 

fqntTaleiit  of  the  meeentery  iti  the  abdomen.     Lying  on  the 

ade  of  the  fcrtirtuml  column  can  be  seen  part  of  one  of  thi 

two  chaini  of  sym]iathetic  nervoos  ganglia  {3}* 
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Thft  ikbdominal  carity  contains  the  principal  reprodnc- 
m,  excretory^  and  digestive  organs.     The  oesophagufi  ter- 
in  the  stomach  almost  immediately  below  the  dia- 
'  phngm*.     The  stomach  {St)  occupies  a  transyerse  position, 
^U  larger  {cardiac)  end,  which  receives  the  cesophagna,  lying 
the  left,  the  smaller  {pyloric)  end  on  the  right.     The 
floras  haa  a  sphincter  muscle  which  can  completely  close 
Hh©  orifice.     The  stomach  is  followed  by  the  long  intestines 
(In),  most  of  which  have  been  removed,  leaving  a  short 
piece  in  fronL    The  posterior  portion  of  the  intestine  is 
somewhat  dilated,   is    called  the   colon,   and    passes    into 
the  wide  terminal  Tectum  (Ret),     The   whole  abdominal 
portion  of  the  intestmal  canal  is  suspended  from  the  me- 
dian dorsal  line  by  a  thin  membrane,  the  mesentery,  which 
forms  several  folda^  the  most  striking  of  which  is  the  omen- 
tum or  grand  epiploon  (Om,),     This  fold,  when  in  situ, 
hangs  down  from  the  stomach  like  an  apron,  covering  over 
the  intestines  venti-ally.     Upon  opening  the  walls  of  the 
abdomen^  it  is  the  first  structure  mot  with.     It  usually  con- 
tains a  great  deal  of  fat*     Its  principal  function  is  supposed 
lobe  to  prevent  the  loss  of  heat    The  omentum  is  present  in 
all  mammals,  but  is  least  developed  in  Cetaceans,  being  moat 
promioent  in  Camivora  and  ruminants.     Connected  with 
the  intestine  are  two  glandt?,  tlie  liver  (Li)  and  pancreas. 
The  liver  is  large  and  lies  directly  underneath  the  diaphragm, 
-The  elongated  light-colored  pancreas  lies  alongside  the  front 
ad  of  the  intestine  (/«)>  ^^  so-called  duodenum ;   in  its 
Ijnicroflcopic  structure  it  resembles  the  salivary  glands.     The 
'gpleen  is  closely  connected  with  the  stomach,  and  is  of  an 
elongated  shape,  as  in  the  majority  of  the  Mammalia  mono- 
elphia, 
The  kidneys  (Ki)  are  large  and  oval,  and  lie  on  cither 
Fiide  of  the  vertebral  column ;    the  aorta  passes  between 
tbem,  giving  off  a  renal  branch  to  each  gland.      A  deti* 
oale  ureier  ( Urt)  passes  from  each  kidney  obliquely  across 
llie  rectum  to    the  large  &ask'sha{ied    bladder  {Bl}*      A 
ra    (Cr)    arises    from    the    bladder    posteriorly  and 


tC^nii 


bdmr  tke  unifl,  bat  in  tlie 


ii  plmd  Biewr  the  open  end 

i  liii«»  wUdi  can  be  seen  in  the 

bt  iCBtom  abore  the  bladder. 

poiietiarij  to  form  tba  Qt(^^ 


rIL»iE  A  Bellas  iMgiiadmil  sedioii  of  the  braii 

(CI),  and  the  small  corpoat 
ia  frml  it  ike  large  c^rttmm  {€)  %\ 
>  (£).    Kg.  4S3»  nL^  is  m  diagram 
af  tiieigim). 

i  fiutfaer,  the  student  will  be  able 

!  with  ^  pqiilkB  ;  the  epiglottis  at 

»  bmak  af  tha  tzwhea  ;  Uie  lanm 

of  the  taradiea  in  the  nod 

heroes  ltd  int4>rior;  t 

r  ba  aei  in  Tibration  by  a  blast 

Iwart  nuT  ako  be  dissected  fm  _ 

at  titf  pilimwiary  Teasels,  and  to 

BLbanL     (Mi  not) 

lara  axoeedm^j  minute,  partly  owing 

of  yolk  m  th^  ;  the  eggs  of  the  f  oMH 

an  about  a  quarter  of  a  mil^H 

^  Ctfl — fK  ia^)  ni  diameter.     In  the  duckbill  the  eg^ 

I  afed  vlUi  mne  jolk»  Hka  Ihoee  of  birds,  being  about 

I  Im  ■flRftiLa  in  diameter,      llaiiimalg  are  dinded  into 

t  and  plaoentali^  according  as  the  embryos  are 

or  not  with  ^plmcmUa  or  * '  afterbirth. ' '     Tl: 

i  k  a  derelo{)taent  of  the  allantoi&p  serving  as  a  nn 

of  nulritioiD,  being  filled  with  blooil-Tessels  Icadii 
the  walla  of  the  womb  of  the  parent,  and  also  acti 
[  m  an  oirgaa  of  respiraitton,  and  to  carry  off  the  effete  p 
dncta  by  means  of  the  maternal  circulation* 

H^miwidii  may  be  bom  helpless  and  only  partly  deTclapoi 
in  the  Uarsupials ;  or  capable  of  locomotion  and  siickiii 
%\\\.f  as  in  the  calf  or  colt ;  or  helpless  for  many  mouth 
as  in  human  infants.  The  changes  in  the  form  of  the  body 
after  birth  are  much  less,  on  the  whole,  than  in  the  birds* 
Tbt  aexes  diflex  ex:i6TuaJ\'3  '\tv  ma  w^^  ^ard-wcws^^jaSA^x^ 
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I  to  tiw  iuA  thiftin  mftmmalB  the 

'If  Oe  Uv  erf  btttUe  than  bj  the 

MidafttnctiTe  oiTiiiment&     During  tlm 

oonlests  take  pkoe  between  tha 

of  the  timid  hare  will  at  sncli 

11  kiUdd ;  00  molea^  gqiiirreli, 

ipnn-whaleay  wfaoee  faeada  v»\ 

ad  heafen,  will  fight  deqiemtoly* 

t  of  ndi  animaU  as  ate  proTidal 

alwsjfB  fight  for  the  poeseasioii  of  th# 

&  ii  90  with  bolb,  deer,  elephants^  boars^  and  rami ; 

jBiia  of  defence  by  which  the 

fiuDiIj,  iockf  or  hard.     On  the  other' 

iunooeroi^  sooie  aatelapee,  the  reiadeert 

i  to  IIm  nthnr  dear,  aome  sheep  and  goats^  etc* ,  the 

aa  veD  dafdaped  aa  in  the  opposite  Bex. 

ions :  the  ram  c^iargee  and 

I  ef  Us  honiB,  Ae  domeetio  bnll  goite 

>  aaj  trvtablemae  eeaemj,  while  the  Italian  bnfl&lo 

lii  asm  to  wia  liia  Iwrna ;  he  gtree  a  tremendous  blaw 

Ua  caKWBC  Iwaheady  and  then  tramples  on  his  fallen 

'  wisSk  Ua  iBaaa.^'    Darwin  alao  aaja  that  male  quad- 

I  wiA  tarito  «n  them  in  a  Tarietf  of  ways  ;  thus  the 

nd  npward,  U10  musk-deer  with 

while  the  walma  C3an  strike  either 

,  or  stdewajs  with  eqnal  dexterity. 

larger  when  there  is  any  difference 
toiMa;  OasiaaBSftiallieeazedsealSv  e^ecially  OM^hitm 
in  tiia  9sxt  bdian  bnffahv  and  the  American  hisoit« 
i  aa  the  Hob.  The  mane  of  the  latter  adds  to  its  1^ 
^  af  gieator  weiglit  and  bolk^  and  Darwin  aays  thst 
tlift  ltosi*a  attM  '*  foma  a  good  ddBence  against  the  one 
to  widak  Iw  is  liaUe^-^iamely,  the  attacks  of  ritil 
iLa  laprds  disttnoiioins  in  color,  male  rnmioaati 
to  exhibit  tliem.  In  the  Derbyan  eland  the 
ba^  ii  liidait  the  ned  much  blacker,  and  the  white  band 
sifssiiSBg  IheM  mbn  broader  than  in  the  femiiles.  In  thi 
Oipa  eland  the  inale  is  dightly  darker  than  the  female.  la 
Am  ladiaii  Uaok-biiok  the  male  is  rery  dark,  almost  black, 
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)  the  female  is  fawn-colored :  male  antelopes  are  blacker 
the  female.    The  Banteng  boll  is  ahnost  blacky  while 
ow  is  of  a  bright  dan.     Among  the  lemurs  the  male  of 
i»r  macaco  is  coal-black,  while  the  female  is  reddish  jel- 
The  sexes  of  monkeys  differ  much  in  coloration.    Cer- 
male  seals,  bats,  rats,  and  squirrels  have  brighter  colors 
in  the  op}>osite  sex.     On  the  other  hand,  the  female 
OS  monkey  is  adorned  with  a  brilliant  red  naked  ring 
ad  the  tail ;  this  is  wanting  in  the  male,  which,  how- 
is  larger,  with  larger  canines,  more  bushy  whiskers 
Bjebrows  ;  and  Darwin  states  that  in  monkeys  the  males 
Dy  differ  from  the  females  in  ^^  the  development  of  the 
1,  whiskers,  and  mane.'' 

16  Tocal  organs  of  mammals  are,  in  general,  constructed 
le  same  type.  The  larynx  is  formed  by  a  modification 
le  uppermost  ring  of  the  trachea,  called  the  cricoid  car- 
e,  to  the  anterior  and  dorsal  edges  of  which  two  arytenoid 
lages  are  attached,  while  a  Y-shaped  thyroid  cartilage, 
.  behind,  is  attached  to  its  side.  The  vocal  cords,  which 
modifiied  folds  of  the  mucous  membrane  lining  the 
lea.,  are  stretched  between  the  arytenoid  and  thyroid 
lages,  the  slit  between  them  being  called  the  glottis, 
th  is  coTcred  by  the  epiglottis.  Thus,  in  mammals  the  * 
ns  of  voice  are  situated  almost  solely  at  the  upper  end 
lie  trachea.  In  the  whales  the  vocal  chords  are  not  de- 
ped.  The  male  gorilla,  which  has  an  exceedingly  loud- 
3,  as  well  as  the  adult  male  orang  and  the  gibbon,  is 
ided  with  a  laryngeal  sac.  In  the  howling  monkey 
cet$s)  of  Brazil,  tiie  hyoid  apparatus  and  larynx  are  re- 
kably  modified,  the  body  of  the  former  being  changed 
8  large  bony  drum  or  air-sac  communicating  with  the 
IX.  The  vocal  organs  are  a  third  larger  in  the  males 
I  in  the  females.  *^  The  males  begin  the  dreadful  con- 
,  in  which  the  females,  with  their  less  powerful  voices, 
atimes  join,  and  which  is  often  continued  during  many 
»•*  (Darwin).  They  apparently  howl,  as  birds  sing, 
ihe  simple  pleasure  of  the  thing.  Apparently,  the  most 
Loal  tnamnmlj  man  excepted,  is  a  gibbon  (Hylohates 
Ib)^  which  can  sing  '^  a  complete  and  correct  octave  of 


^  Boat  0t  Uie  fiooaiii  «re  pro- 

or  sre  tsdiTidiially  pro- 

bjr  odon.    Tlw 

^badv  Tiwfcing  m  fluid  di^m; 

dtamted  De&r  the 

nmak-deer,  drvt- 

W  Ai»iiinmT  in  tJie  side  of  the 

wqH  at  alieep  and  goatBi 

of  it.     Tilt  riirsw- 

gbndfl,  are  ditUked  and 

l^lirAk    UniTersal  de&fesoek 

lif*«  «id  <nljr  those  which  ore  in- 

atlaekiQg    them.     Tb« 

thoee  of  th« 


'  aiftd  A  winter  pelage.  The 

r, daSi iIb  innmier  ooai  fort 

,  er  wiatar-fileep,  ii  a  r^ 

of  <|nadmpoa>  liTing  in  ikt 

\  Hm  hear,  dormouse,  and  bola 

of  their  hodf  bS^ 

in  the  one  caae  or 

Ilia  ifl  aoflUined  hr  tbo  ah* 

t  om  the  mider  side  af  th« 

kyharuatiQn'glapda. 

of  mammab  described,  of 
^ ;  of  tibeee  310  inhahit  America  north 
I  live  alt  ofBT  the  earth's  surfjice,  bat 
1  fogioii,  thoee  of  the  arctic  sones  hamg 
the  aooth  aijioe  the  end  of  the  Tertim 
I  ol  eertaiaqieoiea  is  very  great-- 
r^  panther,  or  poma  ranges  from  Brit* 
i  (Ckili).    The  mammalian  fauna  of  the 
I  far  more  abundant  than  now, 
Iht  ftfaoiBt  of  oiw  Stc  hundred  species  having  been  alreadf 
dvoorered  by  Leidj,  Cope,  and  Marsh  in  the  few  spots  ex 
The  earlier  (Eocene)  mammals  were  fenendiaed 
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fonnay  oombining  jn  a  remarkable  degree  characters  more 
elaborated,  and  in  great  detail,  in  different  orders  of  living 
mammalH,  especially  the  Ungulates.  For  example,  from  the 
Eocene  Caryphodon,  a  generalizied  UDgulate  animal,  have 
probably  been  derived  the  ruminants,  the  tapirs,  hog,  hip- 
popotamus-like forms,  the  rhinoceros,  and,  finally,  the 
horse.  This  inference  is  based  on  the  fact  that  the  bones 
and  teeth  of  Coryphodon  present  characters  which  are  no 
longer  combined  in  any  one  species  of  mammals,  but  which 
are  found  worked  out  in  detail  in  the  members  of  the  differ- 
ent orders  referred  to. 

Moreover,  the  early  Tertiary  mammals  had  brains  much 
gmaller  than  in  any  existing  forms,  and  with  only  one  ex- 
ception, without  convolutions — showing  that  the  develop- 
ment of  the  size  of  the  brain  and  its  convolutions,  and  con- 
sequently of  the  intellect,  has  kept  pace  with  the  successive 
stages  in  the  specialization  shown  in  existing  forms,  and 
which  agree  with  the  increasing  complexity  of  the  Ameri- 
can Continent  and  the  subdivision  of  the  western  part  of 
the  continent  into  distinct  basins,  with  separate  mountain 
systems  and  river-valleys.  The  result  of  all  this  apparent 
waste  of  generalized  forms,  and  the  survival  of  the  few 
favored  types  now  existing,  has  been  the  preservation  of 
animals  which  have  been  domesticated  by  man,  such  as  the 
dog,  pig,  horse,  ox,  camel,  elephant,  and  of  others  useful  as 
food  or  as  intelligent  servants  ministering  to  his  every-day 
wants. 

The  earliest  mammals  were  small  insectivorous  or  gnaw- 
ing marsupials,  none  larger  than  a  cat,  and  first  appearing 
in  Jurassic  strata. 

The  Mammalia  are  divided  into  three  sub-classes — viz. ,  the 
Omithodelphia  (duckbill  and  Echidna),  the  Didelphia  or 
marsupials,  and  the  Monodelphia,  comprising  all  the  higher 
mammals. 

Sub-class  1.  Omithodelphia. — The  duckbill  and  spiny  ant- 
eater  (Pig.  493,  Echidna  hystrix)  are  the  only  representatives 
of  the  sub-class,  of  which  there  is  but  a  single  order,  called 
Manoiremesy  and  are  distinguished  by  the  following  char- 
IM)ter8.    The  oviducts,  vasa  deferentia  and  ureters,  open  into 
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the  cloaca,  as  in  birds.  The  sternum  is  proTtdod  irith  a  ] 
liar  T-shaped  bone,  and  there  are  important  featurei 
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birds  and  reptiles,  and  besides  those  mentioned  one  of  the 
most  obvious  is  the  long,  toothless  jaws  (there  are  eight 
homy  teeth  in  the  duckbill),  which  are  long  and  narrow  in 
the  Fchidna,  or  broad  and  flat  in  the  duckbill  {Ornithor- 
hynchus  paradoxus  Blumenbach),  where  it  is  covered  by  a 
leathery  integument ;  the  external  ear  is  wanting. 


Fig.  491— Skeletoa  of  JBhUdna  hyatrix.—'Fnm.  Brehm^s  Thierleben, 

In  the  aquatic  duckbill  the  feet  are  webbed,  with  claws 
of  moderate  size.  It  is  covered  with  a  soft  fur,  and  is  about 
half  a  metre  (17-22  inches)  long.  Its 
habits  are  like  those  of  a  muskrat,  fre- 
quenting rivers  and  pools  in  Australia 
and  Van  Dieman's  Land,  sleeping  and 
breeding  in  holes  extending  from  un- 
der the  water  up  above  its  level  into 
the  banks,  and  with  an  outlet  on  shore. 
It  lives  on  moUusks,  worms,  and 
water-insects.  Young  duckbills,  five 
cm.  long,  have  been  found  in  their 
nests. 

The  spiny  ant-eater  (Figs.  493  and 
494)  is  represented  by  three  species, 
the  Echidna  hystrix  Cuvier,  of  Aus- 
tralia, E.  Lawesii  Ramsay,  from  Port 
Moresby,  New  Guinea,  also  by  a  re- 
cently discovered  form  inhabiting  the 
elevated  portions  of  Northern  New  marrapiaibcnQaB. 
Guinea,  and  called  by  Gervais  Acanthoglossus  Brtiijnii.  In 
these  singular  animals  the  bill  is  long  and  slender,  tooth- 
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m,  widh  the  imlato  ii  uniiad  with  rowi  of 
iMt ;  the  touguo  i^  long  and  «]emder,  Ufce  thml  oi  tbe  i 
while  the  body  is  armed  wiUi  quilb  like  those  of  a 
I  { Iho  claws  aro  very  large  and  stroiig,  adapted  lor 
i  antphilla.     All  the  8[>eciei  are  firom  oae  tkM 
N  Mia  hittof  a  mHre  (12-19  inchea)  m  length. 
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re  attached  to  the  nipples  at  the  bottom  of  the  pouch. 
large  pouch  (absent  in  some  opossums  and  jii  the 
tidm)  is  supported  by  two  long  slender  hones  attached 
front  edge  of  the  pelvis  and  projecting  forward  (Fig. 
and  Fig.  497). 

VhylacinuSf  the  Tasmanian  wolf,  these  bones  are  car- 
ous.  In  the  opoaenmj  the  kangaroo,  and  probably 
narsupials,  the  young  remains  in  tlie  ponch  attached 
nipple^  which  fills  the  mouth.  *'  To  this  it  remains  at- 
.  for  a  considerable  j>eriod,  the  milk  being  forced  down 
oat  by  the  contraction  of  the  eremaster  muscle*  The 
r  of  suffocation  is  avoided  by  the  elongated  and  coni- 
m  of  the  upper  extremity  of  the  laryux»  which  is  em- 
.  by  the  soft  palate,  as  in  the  Ceiacea,  and  thus  respi- 

goes  on  fi'eely, 
the  milk  passes, 
ch  side  of  the 
©al  cone,  into 
ssophagus** 
3y).  In  the  ear* 
UB  forms  the 
is  low  in  strnc- 

the     olfactory 

►eing  very  large, 

Bfcely    exposed, 

the     cerebral 

phereS  are  small        ^tg.  iOr-Oposaum  (from  Teuncy^s  zoology)  *»d 

lite  smooth. 

I  dentition  of  marsupials  is  charaeteristic,  none  having 
incisor  teeth  upon  each  side,  above  and  below,  and 
but  the  wombat  (Phascolomiis),  with  an  equal  num- 

iocisors  in  each  jaw,  there  being  usually  more  in  the 

than  in  the  under  Jaw, 
!  lowest  marsupial  is  the  Tasmanian  wolf  {TFtylaeinus)^ 

is  rather  smaller  than  the  well  The  Tasmanian  devil 
urns  ursinug  Geoffrey,  Fig*  383)  is  a  vicious,  trouble- 
creature,  about  the  size  of  a  badger.  The  opossums 
it  North  and  South  America.     They  have  a  long  tail 

plantigrade  step — ue.,  they  walk  on  the  sole  of  the 
The  Virginian  opossum  (F\g,  \^^^  I)UU\|i^\j^^  vt- 
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themselTes.  Their  food  is  roots,  poultry,  or  wild  fruits. 
They  have  no  hair  on  their  tails,  but  a  sort  of  a  scale  or 
hard  crust,  as  the  beavers  have.  If  a  cat  has  nine  lives, 
this  creature  surely  has  nineteen  ;  for  if  you  break  every 
bone  in  their  skin  and  mash  their  skull,  leaving  them  for 
dead,  you  may  come  an  hour  after  and  they  will  be  gone 
quite  away,  or  perhaps  you  may  meet  them  creeping  away. " 
("  Perfect  Description  of  Virginia, '"  1649.) 

There  are  squirrel-like  flying  marsupials  (Petaurus), 
marsupial  rats,  marsupial  bears,  and  marsupial  ant-eaters 
(Myrmecolnus),  but  the  most  characteristic  Australian  ani- 
mals are  the  different  kinds  of  kangaroo  (Macropus  thetidis, 
Fig.  498). 

The  largest  speoies,  M.  giganteus  Shaw,  is  1*8  metres,  or 
nearly  six  feet  long.  Kangaroos  go  in  herds,  and  move  by 
a  suocession  of  long  leaps. 

All  marsupials  are  stupid,  low  in  intelligence,  and,  in  the 
insectiTorous  and  carnivorous  forms,  of  vicious  temper. 
With  the  exception  of  the  opossums,  all  are  confined  to  Aus- 
tn]i%  New  Zealand,  and  Kew  Guinea. 

Sub-elass  3.  Monodelphia. — While  in  the  marsupials  the 
tennination  of  the  oviduct  is  double,  in  the  present  group 
it  is  always  single,  whence  the  name  Monodelphia.  The 
members  of  the  group  are  also  called  placental  Mammaliay 
because  the  young  at  birth  are  of  considerable  size  and 
nearly  perfect  in  development,  being  nourished  until  born 
by  a  highly  vascular  mass  or  thick  membrane  {placenta) 
supplied  with  arteries  and  veins,  developed  originally  from 
the  aUantois,  which  is  a  temporary  embryonic  membrane. 
The  brain,  as  a  rule,  presents  an  advance  over  that  of  any 
of  the  preceding  mammals,  the  corpus  eallosum  being  better 
developed,  while  the  anterior  commissures  are  all  reduced. 
There  are  no  marsupial  bones,  though  in  some  Carnivora 
certain  small  cartilages  appear  to  represent  them. 

There  are  twelve  orders,  as  follows  : 

Order  1.  Bruta  or  Edentata. — These  creatures,  repre- 
sented by  the  sloths,  ant-eaters,  pangolins,  and  armadillos, 
stand  next  above  the  non-placentals  or  marsupials,  as  the 
brain  is  but  little  better  developed,  the  hemispheres  in  some 
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Mftriy  anMfli,  vhfle,  in  point  of  thetr 
^alld  tatdfigeiieep  th&y  stand  at  the  foot  of  th«  i 
The  toelk  nmy  be  entirely  nnde^eloped^  aa  in  ti» 
r^bsl  vlien  dereloped  tliey  are  not  i 


ift  mukI    In  most  Edentates  tHe  inetton  ara  aliieaf 
fbelaleraloneiQajrejdfltin  the  annadtDo  (/^to^f^nif ). 
fett  af9  formed  for  gragping  or  digging,  and  eod  in  Utp 
ilwghl  or  mrm!  daws.    Tbe;  aro  eilhar  haii3r  or  pf^ 
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tected,  as  in  the  pangolins  (Fig.  501)  and  armadillos  (Fig, 
502),  with  large  thick  scales.  They  feed  on  insects  and  de- 
cayed animal  matter,  or  on  leaves.  They  are  of  moderate 
size,  though  certain  extinct  forms  wore  colossal  in  stature. 

The  leaf -eating  forma,  viz.,  the  sloths,  differ  from  the 
other  Bruta  in  the  very  long  and  slender  limbs,  the  hinder 
pair  the  shorter.  There  are  five  teeth  above  and  four  below, 
which  become  sharp  with  uso,  like  chiaels  ;  the  stomach  is 
said  to  be  remarkably  complex.  In  disposition  these  crea- 
tures are  types  of  sluggishness  ;  they  live  in  trees,  being 
absolutely  helpless  on  the  ground,  not  being  capable  of 
walking  on  the  bottom  of  the  foot. 

Waterton  says  that,  in  climbing,  the 
ai  {Bradt/pus  tridaciylus.  Figs.  499  and 
500)  uses  its  legs  alternately ;  that  its 
hair  *'  is  thick  and  coarse  at  the  ex- 
tremity and  gradually  tapers  to  tho 
root,  where  it  becomes  fine  as  a  spider's 
web.  His  fur  has  so  much  the  hue  of 
the  moss  which  grows  on  the  branches 
of  the  trees,  that  it  is  very  difficult  to 
make  him  out  when  he  is  at  rcst.^' 

Only  two  Edentates  now  occur  in 
the  United  States,  but  formerly  colos- 
sal, sloth-like  forme,  with  some  resem- 
blance to  the  ant-eaters,  ranged  over 
the  Southern  and  Middle  States  as  far 
north  as  Pennsylvania,  their  bones  oc- 
curring in  ^'avea.  Such  was  the  Megatherium^  a  gigantic, 
sloth-like  creature,  which  extended  from  Pennsylvauia  to 
the  pampas  of  South  America,  and  whose  skeleton  is  over 
five  metres  (18  feet)  long.  With  it  was  associated  the  Meg- 
alonyx,  first  described  by  Thomas  Jefferson  ;  it  was  as  large 
as  a  bison,  as  was  tho  Mifhdon,  Tlieac  animals  walked  on 
the  soles  of  the  feet,  could  rise  on  their  hind  legs  and  partly 
support  themselves  by  their  thick  tails,  pulling  down  large 
trees  and  feeding  upon  the  leaves  and  smaller  branches. 

In  the  ant*eater8  the  jaws  are  toothless,  but  very  long,  and 

extensile  :  th©  sub- 


Wis.  600.  — At  Of  Thwfr- 
tntHl  Sloth .  In  ft*  nuttiTal  sltl- 
tude.  —  After  Wood,  from 
Watertoo. 


tongue 


great  length  and  very 
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maxillary  glands  are  very  large,  so  that  the  Tjgcid 
fluid  is  very  abimdant.  They  burrow  into  ant-holes,  till 
ing  the  tongue  among  the  ants,  which  stick  in  multitudes  to 
the  viscid,  writhing  rod,  and  are  withdrawn  into  the  moatlu 
The  pyloric  end  of  the  stomach  i&  gizzard *like.  The  ant- 
eaters  {Myrmecophaga)  inhabit  South  Americn. 

The  pangolins,  or  species  of  Manis^  are  mail-clad  ant- 
eaters,  the  body  and  long  tail  being  covered  with  large 
overlapping  scales.  When  molested  they  roll  up  the  body* 
In  walking  the  hind  feet  rest  on  the  soles,  while  the  for^ 
feet  are  supported  by  the  upper  side  of  the  long  heal 
claws. 


|tS:«*I*     '^'.^"^^  ]r!^  r^ 


Fig.  50L--Puigolin  ( Jfank  kmoUxatdO^  Ttkbblag  wMlt  Ml- 


The  long-tailed  pangolin  of  the  West  Coast  of  Africa  (Fi^ 
601)  tears  open  with  its  long  claws  the  nests  of  the  whitf 
ants.     It  is  nearly  f  metre  (28-30  inches)  in  length* 

The  armadillos  (Fig*  502)  are  small  mammals  coTered  villi 
a  carapace,  consisting  of  from  three  to  thirteen  traaaftriB 
rowB  of  movable  scales  ;  by  rolling  into  a  ball,  thisa  nagQ- 
lar  eraatores  become  thoroughly  protected  from  their  oar* 
mieB*  Da^ypfts  novem-etnctus  Linn*  is  much  like  thePrla 
armadillo,  and  extends  from  South  America  to  Texaa.  Tin 
itraugi)  extinct  in»afl22Lo-\\V<i  Q\^v^^*^^  ^^  South 
ioap  which  waa  <>Tcr  tw<>  TOft^^t^  ^\«ft^  Vs^^^^^s^^ 


the  characters  afforded  by  the  brain,  has  shown  that  they  be- 
long at  or  near  the  bottom  of  the  scale.  Gill  has  shown 
that  not  only  by  the  brain,  but  by  other  characters  corre- 
lated with  the  low  development  of  the  brain,  the  Rodenta, 
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,  ad  biti  abiNdd  be  MKiciated  with  Q» 

*i  diTnioo  (or,  m  601  termB  it,  gnper^^vto) 
(whicb  eormponds  to  Owen'g  9ab-cla« 
i^  I&  Uiflio  tamr  orders,  then,  the  cem^brum  ii 
witii  none  or  few  conTolutionfl  ;  in  froat 
it  iom  not  coTer  the  oUmctorj  lobes,  and  behind  leafw 
tke  coebdlsai  wholly  or  partly  imeoTered. 

Ob  Uw  oUier  hind,  in  the  snper-order  Edueabilia^  oom- 
priBBg  the  fdoviiig  oider :  CUf^  Sirmia^  Prt^btrnddia^  Hf- 
wmgmdm,  nmimUm^  UmgukUa^  Camitfara^  and  PrinuUu, 
the  himiB  Ina  a  relatirelj  Urge  oerebmm,  behind  ovejUp* 
foif  Bvdi,  or  all,  of  the  cerebellum,  and  in  front  machi  or 
aD,  of  the  otbetorjrjtibes  (6ill>  The  cerebrum  ia  also 
lihttMi ;  the  omToKitioDS  increaaing  in  number  and 
pleaciftf,  luitil  we  reach  the  apes  and  man,  and  accom; 
hj  haonMng  intelligenoe  and  capability  for  menta]  im- 
pciMNnKiit  Other  important  chanctera  are  mentioned  bj 
Oweft  and  by  GOl  in  sapport  ctf  this  arrangement 
In  die  smooth  small  cerebrum,  as  well  as  in  other  f^ 
the  ImMmiMKa  are  related,  together  with  the  mir- 
and  dnckbtlly  to  the  birds  and  reptflea.  In  tha 
the  oooYolnted  trachea,  the  long,  slender,  beak-like, 
toothless  jaws  and  the  gissard  of  the  ant-eaters,  the  quilk 
of  liie  poreopiDe  and  hedge-hog,  the  prorentriculus  or  crop 
of  tlM  donnoose  and  beaTer,  in  the  growing  together  of  tbe 
Ihreechief  metatafsalsof  the  jerbo4,  asin  birds,  in  the  keeled 
sUnniiim  and  wings  of  the  bats,  there  are  points  of  reeem* 
hISBwes  to  biida.  Owen,  whom  we  have  quoted,  also  adds 
te  aptitude  of  the  hats,  insectiToies  and  certain  rodea^ 
"  to  fall,  like  reptiles,  into  a  state  of  torpidity,  assoc^ 
with  a  corresponding  faculty  of  the  heart  to  circulate 
boniaed  or  black  blood.  *'  _ 

Howefer,  there  are  points  in  which  these  orden  are  i** 
tated  to  the  lemurs  and  monkeys. 

Or&r  %  OKr§$.    (Rodentia.)— The  rets,  squirrels,  pof^ 
eapine,  and  beayer  are  common  examples  of  this 
group.    They  differ  from  other  orders  in  the  large  ini 
the  dental  formula  ot  ^\i\t\i.  \%  ikwaaJ^^  \  <A  i^ 
find    r  aaniai  dirt  *»^  ^^  ^^  liawsivcfc  qH  i;:»:k:^tt)^  \K)e^. 
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eondylps  of  the  lower  jaw  are  longitudinal,  not  reeeiTod  in  spe- 
cial glenoid  sockets, but  gliding  freely  biickwards  and  forwards 
in  longitadinal  furrows.  The  feet  art^  adapted  for  walking 
and  climbing  or  burrowing,  the  claws  being  well  developed, 
A  peculiarity  in  the  incisors  is  that  they  grow  ont  as  fast  as 
Ihey  are  worn  down  ;  this  is  due  to  the  fact  that  the  pulp  is 
Breistent ;  the  enamel  in  front  causes  them  to  wear  away 


fig.  B03.— ▲merlcan  Flying  Sqalirel  (a^Uftqtf^nd  «o2iic«aa). 

behind  so  that  they  are  chisel'shaped.     The  species  arc  pro- 

Ilific,  live  mostly  on  vegetable  food,  and  arc  of  small  size; 
the  muskrat,  beaver,  and  capybara  being  the  largest  mem- 
l>er8  of  the  group.  The  flying  sfiiiirrels  (Fig,  503)  take 
short  flights  by  means  of  the  expansion  of  the  skin  between 
ihe  fore  and  hind  legs.  The  Norway  lemmings  are  notice- 
able for  their  remarkable  migrations  from   the    elpvated 
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pbleaoB  of  Scandinavia  dowa  and  into  the  sea ;  tlie  ol 
and  origin  of  which  are  inexplicable,  aiid  are  not  indicatif 
of  much  intelligence.     From  this  and  their  Beat-build 
habitB»  rodents  are,  as  a  rule,  not  unlike  birds  ;  and  Owen,  fa 
these  reasons,  ascribea  to  them  a  low  degree  of  inteUigeneeuJ 
Granting  that  this  is  the  case,  an  exception  to  thia  rule  i 
ffien  in  the  social  beaTers,  which  evince  a  high,  exceptic 
degree  of  intelligence.     Beavers  build  a  dam  in  a  nin 
8te«ttiii  80  as  to  create  an  artificial  pond  m  a  i-cfuge  wb 
tacked,  as  well  as  a  sabaqnatic  entrance  to  their  lodges  \ 
their  borrowB  in  the  banks  of  the  streams  they  inhabit, 
ver  dams  are  built  at  first  by  a  single  pair  or  family^  i^d  \ 
added  to  from  year  to  year^  and  afterwards  maintaiiifid  lbr| 
centuries  by  constant  repairs.     They  are  built  of  sticks  and] 
mnd,  usually  curve  up  stream,  with  a  sloping   water 
Bearers  lay  up  stores  of  wood  for  winter  x\m  in  the  aut 
they  can  gnaw  through  trees  eighteen  inches  in  diameter ; 
work  mostly  at  night.     They  often  construct  artificial  < 
for  the  transportation  of  the  sticks  of  wood  to  their  lodgeL  1 
This,  in  the  opinion  of  Mr.  Moigan  "  is  tJie  highest 
intelligence  performed  by  beavers.**    When  ponds  dcil 
reach  hard-wood  trees  or  ground  in  which  they  can  burrowl 
for  safety,  they  will  build  canals  with  dams,  and  aa  cxoafsie  J 
th^n  that  they  will  hold  the  surface  drainaga.     Mo 
deacribea  one  canal  about  ICl  metres  (5*^3  feet)  long  i 
'^senred  to  bring  the  occupants  of  the  pond  into  c«sy  < 
nection,  by  water«  with  the  trees  that  supplied  them  with  ] 
foodj  as  well  as  to  relieve  them  from  the  tedious^  aiidi«F-| 
haps  impoesible;^  task  of  moving  their  cuttings  five  hmdrid  ( 
fe^  o?er  UDeven  ground,  unassisted  by  any  descent.  **    Bov- 
vers, in  swimming,  use  their  tail  aa  a  scnll^  and  the  huni 
feet  being  webbed,  its  propelling  power  while  swiminisi|  tt 
rery  great     They  carry  small  stones  and  cmrth  with 
{lawi^  holding  them  under  the  throat,  and  walking  m 
hind  feet     They  use  the  tail  in  moving  stones^  wecftjnf  il 
under  ao  as  to  *'give  it  a  throw  forward.''    Beavctrs  ait^  ray 
social,  working  together  and  storing  Qp  wood  in 
**  A  beaver  family  conaista  of  a  male  and  feoyde*  and 
oflspring  of  the  first  and  second  years,  or  moie 
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^ 


under  two  jeara  old     The  females  bring  forth  their  young 

from  two  to  five  at  a  time,  in  the  month  of  May,  and  nurse 

them  for  a  few  weeks, 

after  which  the  latter 

takes  ti3  bank,"    They 

attain  their  full  growth 

at  two  years   and  six 

months^  and  live  from 

twelve  to  fifteen  years,  ♦ 

Allied  to  the  beaver,         ^i^  50*.-SewelleI  or  Sliowt^    Much  redocod. 

but  forming  the   type    -Froni  America  mturtiiBt 

of  a  distinct  family,  is  the  singular    sewellel  or  showtT 


Fig,  £*'  Hare  of  the  Rocky  Mountaina.— After  Hajdca. 

{naphdon  rujtts  i  ouos,  "Fifif.  504)  of  the  mountains  of  west- 
ern Oregon  and  Wik^hington  Territory.     It  is  nearly  as  large 

^  The  America  BeAver  and  liis  Worka,    By  UsVift^^^at^u.    V^?^^ 


m>OLOGT. 


1  ill  il8  Inbits  and,  iheiBfore,  rai^l; 

mt  bmiuwi  ia  tbt  earth,  feedmg  on  roots. 

loTOt  in  iBlelligeoce  me,  perfaapsy  the  hires,  np- 

d  hj  ike  cwiBion  Turing  hare  {Lepu9  Amerm* 

1%.  505),  of  which  an  interesting  rahet^t 

t  on  Uie  Alpina  smnmitB  of  the  BockT  Uoim- 


.^^^_ 


.-r:s 


^ 


rif.  a»i.-tte  SpuAu  or  Bliiid  Bat. -Alter  Ow«. 

»  Tlifi  largest  of  all  exinting  rodents  i&  the  Capj* 
ol  Soodi  America,  which  looks  like  a  pig.  This  is 
by  the  pofcopine^  which  either  lives  in  trees  or 
bmowi  ta  tfie  earth,  while  the  more  intelligent,  aotive 
finui  are  tile  bearer,  mnskiat,  the  European  blind  nt 
{^fmlm^  f%»  6M)  the  rats  and  mice,  squirrels,  and  ls.stlj 

the  marmots.  The  domes- 
tic mouse  and  the  two  rats, 
the  brown  or  Konraj  rat 
(Mm  decumanus  Pidls«)» 
the  black  rat  {Mus  rattm 
lann^)^  and  the  oommoti 
house  mouse  {Mu^t  muscn' 
lu^  Linn.),  are  cosmopoli- 
tan animids.    The  j u  mp i ng 


r^SoolQgy- 


OMNUt  (Fig.  607}  has  remarkably  long  hind  legs  and  shitrt 
tort  legs*  Peculiar  to  the  western  plains  is  the  j-i  '  '  .% 
(CyiiSflij^  imdimcia»us)  which  repn?^eiits  the  ni  f 

thi^  Old  World ;  it  k  semi-social  and  takes  in   perfuj 
bimnlers  the  owl  and  rattU^nake,  which  devour  its  yoim 


tf^^^aM 


tt&a^ 


d 
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rder  3-  Inseciivora. — In  the  moles  the  inciflors,  the 
canines,  and  molars  are  well  develf>pe«U  Hiid  the  molars  have 
the  crown  surmoonted  h\  conical  iirojections  called  cusps. 
The  fore  feet  are  plantigrade,  with  large  claws,  and  the  en- 
tire limb  is  short,  thick,  nius^ 
cular,  and  fossorial^i.tf.,  adapted 
for  burrowing  in  the  soil  (Fig. 
508).  The  shrews  comprise 
the  smallest  mammab.  Nearly 
all  are  noctumal,  burrowing 
nnder  the  Burface,  and  never 
eeen  by  day ;  consequently, 
their  eyes  are  small,  and  most- 
ly hid  under  the  fur ;  while  the 
ears  are  small  and  concealed  by 
the  hair. 

The  shrews  are  mouse-liko, 
having  feet  of  the  normal  form, 
and  a  long  nose.     In  our  com- 

Ljnon  shrew  {Sorex  pUdyrhinus  Wagner,  Fig*  509),  the  nose 
long,  and  the  tail  shorter  than  the  head  and  body. 
The  genuine  moles  are   the  characteristic  forms  of  the 
order ;  the  most  peeuliai'  being  the  star-nosed  mole,  Condif- 


Tig,  BOS,— Ik>neB  of  foro  leg  of  b 
Mole,  fia,  till]  cubital  iciiDCLla;  G8, 
hamenu  ;  54,  uhm  ;  55,  raulna.— Af- 
ter Owen. 


Fig.  508, -Common  Shrew— Aftet  Coaism 


Inra  crittata  Linn.,  which  occurs  from  the  Atlantic  to  the 
Pacific  Ocean,  while  the  common  mole  (Fig  510)  is  ftbundant 
in  the  Eastern  TJnited  States. 

A  flying  form  with  a  superficial  resemblance  in  the  hat,  and 


•i^ 


fkm\A\ 


ft  w)»Il-ctreiuii8cribed 

'^-  and  iiliialieiiig 

T«l  bones  ind 

'  ng  B  thiiu 

.  legs,  aod 

tiA  ;  the  hind  toes  beings  how- 

lieii  feeding, 

on  hf  Omr  okws.    The 

ioe^tm  MmiMmaat  of  the  miu- 

gtedi  are  peotoraL    In  other 

the  bats  resemble  the 

differs  from  the  or 

which  liT©  on  fmiL 

hare  a  superficial  resell 
becan^  their  mamma  i 
IVunates^ 
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Bats  liTe  in  oayes  and  in  the  hollow  of  trees  by  day ;  all 
hibernate  in  the  same  sitoations,  going  into  winter  quarters 
in  the  antumn,  and  reappearing  in  the  warm  twilight  of 
spring.     Thongh  the  eyes  are  small,  and  the  sights  so  far  as 


Fig.  611.— Skeleton  of  m  fruit  bftt  iPUropiUs).^After  Owen. 

we  know,  deficient  in  keenness,  they  show  wonderful  skill 
in  avoiding  objects  during  their  rapid  flight.  The  cars  are 
very  large^  and  in  the  vampires  the  nose  is  adorned  with 


,1 


CETACEANR 

c  large&t  bats  are  the  fruit  bats  or  flying  foxes  (Fiero- 

of  the  East  Indies  ;  one  species  of  which  expands  one 

a  half  metres  (nearly  live  feet)  from  tip  to  tip  of  the 

;s.     Our  commonest  species  is 

little  brown  bat,    VesperiiUo 
\U(jUus  of  Say ;  nearly  as  corn- 
is  tlie  red  bat^  Aialapha  no- 

ticen^is  Couee* 
irefor  5,    Ceie    (Crtac€a),—\\^ 

come  to  the  EduailnUay  in 
(sh  the  brain  is  more  highly  de- 
pod,  and  begin  with  two  very 
rant  orders,  the  whales  and 
in  wiiich  the  body  is 
like,  though  the  tail  is  hori- 

1 ;  the  pelvis  and  hind  limbs 

anting,  either  wholly,  or  mi- 
rudiments  may  be  present ; 

they  are  aquatic,  occasionally 
ing  out  of  the  water,  but  usu- 

only  showing  the  dorsal  fin  or 

when  at  the  surface  to  breathe. 
he  whales  and  porpoises  have 

'ge,  broad  brain,  with  numer- 

Uid  complicated  deep  convolu- 


theekull  (Figs.  513,  513)  the 
iure  for  the  vspinal  cord  (fora- 

magnum)  is  entirely  posterior 

tuation  and  directed  some- 
upward.  The  lower  jaw  iiS 
ight,  with  no  ascending  ramus, 
marrow  condyles  being  situated 

16  end  of  the  jaw,  at  the  point 
by  the  angle  of  the  ramus 

Iier  mammals.  The  teeth  are 
ical,  with  a  single  root,  but  are 
ctimes  wanting.     There  is  no  nock 


513.— Skiill  of  tho  iiwrm 

jlitflludliial  iict'tlcm  ihow- 

Ing  [he  rcfjitlve  iize  *nd  form  of 


Fig. 
whAle,  Jon 


tho   cranial    cariry.    rn.  mftxIJU ; 
pm,  prcDJAiilU,— After  Flower. 


the  ceiTical  verte- 


are  sometimes  confluent,  forming  a  single  mass*     The 


I  thaadiiie 
Ilia 
rcrdiHiUe,  and  are ni- 
L ;  Aef  flii»  nodifed  to  form  the 
LfoUiof  HwddD  prf^Tfnt 
The  Tspar  Woim 
>  «(  vatev  iMii  of  the  mncoi 
in  the  hreatk    The 
kisda  of  wliales.    Tbe 
in   •   fillip  fihori 
'  «■!  ^  Iba  oMNity  and  curls  over 
of  ilia  fitt-back  whale  formi 
feet  high  ;  the  right, 
each  '*blow''  in  i 
[  toward  the  tail 
ffij  feel  loog ;  the  sperm-whale 
M  fitlle  ofer  twentj-tliree  mf 
r  }mt  Pialff—ir  Flower  questions  whet 
liM|atutlTy  if  erer^  whasn  measttred  in  a 
t  a  loa^  of  axtr  feet     The  largest  of 
I  af  afl  entt&g  aniiiial:!^  is  the  fin-baok  or  ror^ 
m%  whidi  aometimea  meaaares  thirtj- 
Thm  amaDesi  Cetacea  are  the  pr* 


!  whales,  f.     ^      '         ^mim 

I  into  the  g^  rthantl 

of  whalebone  (Pig.  514),  three  huii- 

rhv  preaeDl  on  ejich  aide  of  the  monl^H 

I  of  theae  plato  hare  projecting  fihr^,  fnrj^H 

r;  tlwae  wlialos  feed  <m  smalJ  pi  !v. 

bj  taking  in  ti  niu.^. uf 

J  the  tongue  against  th(?  roof  of  the 

tht  water  thixingh  the  oix»nings  between 

tka  Ares  acdng  as  a  strainor,     Tlinn*  f honaaad 

pamds  of  whalebone  hiive  been  ohtainrd  from 

Oreenland  whale  {Balmna  my^Hmbul 


TMS  BPeBM  WOALM,  SOS 

The  cachelot  or  sjierm- whale  (Fig,  515)  has  an  enormous 
head^  and  is  without  the  power  of  i^mell  Above  the  nasal, 
frontal,  and  maxillary  bones  are  cavitieii  filled  with  a  fatty 
fluid  called  ttpermaceti,  used  in  the  manufaoture  of  candles, 
ointments^  and  cosmetics,  such  as  cukl  cream.    A  lurge  sperm- 


Beftd  and  toiit^c  of  fliibnck  wbAle.  Btthtnopi^m  (ttiis  UtUar  {a)  iwotl«n 


whale  will  j-ield  *2500  kilograms  of  this  substance.  Another 
valuahle  substance  is  ambergris,  a  morbid  product,  the  result 
of  injury  to  the  intestine  by  the  beaks  of  cuttle-fishes,  upon 
which  animals  the  toothed  whales  largely  prey.  It  is  a  kind 
of  be^oar  or  gall-stone,  fatty,  aromatic,  burning  with  a  clear 
flame.  It  is  composed  of  benzoic  acid,  united  with  chloriuL*, 
of  a  balsamic  substance,  and  ambrain.  It  is  used  in  making 
|)erfume8. 


huufi 


^.R.W5,— OoUineof  thecnchrlot.  ^howtng  Ijow  the  blabber  it  removed;  b,  iha 
tfltiuuioQ  of  the  "  case  '":  c,  th<?  jaiik ;  d,  the  buTich  of  the  neck  ;  {,  the  hpmp  ;  *.  the 
iWf© ;  *.  the  iroa]]  ;  A  the  tail  or  fluke»:  between  the  obUque  doited  llDCf  aw  the 
■pim  atripa  or  blanket  pieoee.-- Alter  lieale,  from  GUL 

But  the  chief  use  of  whales  is  the  oil  extracted  from  the 

fat  enveloping  the  body,  called  blubber  by  whalers.  The 
most  Taluable  of  the  whales  is  the  Oreenland  whale,  as  it 
contains  the  most  oil.  indivicluals  having  been  known  ta 
yield  nearly  three  hundred  l)an-ela. 


Tbm 


H^jUjO  T. 

ir5C  ^p?*ix  ap  in  in*  twelfth  o^itaij 
ST.     Ix  she  ^£V  Frgiar^  eoloaies  wlttkl^ 

f  ife^  k  ks  AffifMil     It  is  princii 
Sot  Boifoid  boog  now  did  k 
lain  sre  tent  out  to  the  Ardic 


f  9  Smiti,  ooe  hnndrod  and  ten  t6«eb 
■K  otH  IB  IST^  biNa  Uib  port. 

ika^  iCBiaRDted  on  die  Califoniian  coast  bv 
GS  (7%.  516),  which  is  nimrlj  thr^  niKn's 


;--<^ 


mmt,  iMB  fh>m  ilie  lide  <&d  fhMa  b«low>— 

|ybi>  *««>  in  IfftgU^  with  a  ecmical  he^.  In  CaUiffnaihm 
$imm$t  i>pfm  (Fqr,  517)  the  skull  is  short  and  brond ;  it  \s 
hmmk  «a  dit  cnacl  of  Madras*  India, 

UiAMrakA  (M&9Mf4m  mmiorfr^jt  J  Ann.)  is  distitiguisbed 
V%  iW  iMur^  9finiy  '.  horn-like  tmk  ot  the  maJi?. 

Ksiiii  «f  llii  Ml  niH .  *  -  ^^^^*rt  which  becomes  nearly 
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metres  long,  the  female  haying  no  yisible  teeth ;  there  being 
two  rudimentary  incisors  wliich  never  appear  through  the 
gum.  It  ranges  from  Hudson's  Straits  to  the  Arctic. seas, 
haying  formerly  been  seen  along  the  coast  of  Labrador.  To 
the  family  of  dolphins  and  porpoises  belong  the  white  whale 
or  Delphinapterus  leucas  Pallas,  which  ranges  from  the  Gulf 
of  St.  Lawrence  northward ;  the  grampus  {Orampus  griseus 
Cuvier) ;  the  blackfish,  of  which  there  are  two  species,  one 
Globicephalus  inelas  Trail,  ranging  north  of  New  York,  and 
one  O.  trachypterus  Cope,  to  the  southward,  and  the  por- 
poises^ of  which  the  most  common  on  our  coast  is  Phoccena 
brachycium  Cope ;  the  rarer  is  F.  lineata  Cope.  On  the 
coast  of  Labrador,  as  well  as  northward,  occurs  the  thrasher 
whale  or  killer  {Orca  gladiator  Gray)  which  has  large 
teeth,  and  a  high  dorsal  fin  ;  it  attacks  whales,  gouging  out 
the  flesh  from  their  sides.  Certain  fossil  whales  were  pigmies 
in  size ;  while  the  Zeuglodon  of  the  Alabama  Eocene  Ter- 
tiary beds,  was  an  enormous  serpent-like  whale,  which  must 
have  measured  over  seventy  feet  in  length. 

Order  6.  Sirenia.—  In  the  few  species  of  sea-cows  represent- 
ing this  order,  the  lower  jaw  is  more  as  in  other  mammals, 
having  well  developed  ascending  rami  and  normal  transverse 
condyles  and  coronoid  processes.  The  teeth  are  well  developed, 
both  incisors  and  molars,  the  latter  with  flattened  or  ridged 
crowns,  adapted  for  the  trituration  of  vegetable  food.  A 
neck  is  indicated ;  the  two  nostrils  are  situated  at  the 
upper  part  of  the  snout,  and  the  lips  are  beset  with  stiff 
bristles,  while  the  mammae  are  pectoral.  The  fore  limbs  are 
of  moderate  length,  with  five  well-developed  digits,  but  still 
fin-like  and  bent  at  the  elbow.  The  brain  is  narrow  com- 
pared with  that  of  cetaceans,  and  the  heart  is  deeply  fissured 
between  the  ventricles.  The  manatees  of  America  and  the 
dugong  of  Australia  and  India  (Fig.  518)  live  in  the  mouths  of 
large  rivers,  feeding  on  seaweeds,  aquatic  plants,  or  the  grass 
along  the  shore.  The  Florida  manatee  {Afanafus  Ameri- 
canus  Desmarest)  grows  to  a  lengtli  of  from  two  to  nearly 
three  metres.  It  ranges  from  Florida  to  the  Amazons,  where 
it  is  called  Vacca  marina  ;  it  ascends  the  river  as  far  as  Pehan*?, 
Peru,  and  is  killed  and  eaten,  its  flesh  resembling  beef. 


a 
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Period  a  fossil  Sireaian  {Malitherium)  inliabited  the  shores 
of  western  Europe. 

In  the  structure  of  the  skull,  their  dentition  and  their  her- 
bivorous habits  the  Sirenians  in  a  degree  connect  the  Ceta- 
ceans with  the  Ungulates. 

Order  7.  Proho&ddia, — Only  two  roprosentatives  of  thig 
group  are  now  in  ejcistence,  the  Asiatic  and  African  elephant, 
a  number  of  other  forms  having  become  extinct     The  group 
is  well  circnmscribed,  when  we  consider  the  living  species, 
but  in  the  early  (Eocene)  Tertiary  Period  there  existed  forms 
which  indicate  that  the  Proboscidians  and  Ungulates  had  a 
conimon    origin.      In 
the  elephants  the  up- 
per incisors  are  enor- 
mously developed, 
while  there  are  none 
iti  the  lower  jaw. 
There  are  no  canine 
teeth,   while  the  few 
molars  are  large,  trans- 
versely ridged.    In  the 
dephanta    the  ridges 
are    numerous,    the 
spaces  between  them 
filled    with    cement 
The  young  mastodon 
has  cement  on  the  up- 
per   surface    of    the 
tooth ;  tlie  ridges  af- 
terwards become  free 
and    covered    with 
enamel     A  peculiari- 
ty in  the  elephant's  skull  is  its  large  size,  the  brain  cavity 
being  very  email  in  proportion  to  the  bulk  of  the  skull  itsell 
To  give  lightnesis  to  what  would  be  otherwise  an  io^upportable 
weight,  the  cranial  bones  contain   nomerous  large  air*cella 
(Pig.  5^).   Another  remarkable  feature,f rom  which  the  group 
takes  its  name,  is  the  tnink  or  proboscis,  a  long,  thick,  fleshy, 
flexible   snout,  growing  from   thg  front  edge  of  the  nasal 


Fig.  619.— Skull  of  ytsQSui  «lepbant ;  23,promAX- 
aUnrboTiecontaininit  the  root  of  the  ttak,  *;  15, 
Data]  bone  :  7.  panut&l  bone  or  lemporal  rvi!toa  ; 
Bfk,  molar,  syjcummic  arch  ;  i,  lower  Jaw  ;  e,  app«r 
Jftw :  rn,  moUr  tooth  ;  21,  loaxllla ;  li,  fronlaf ;  g, 
«qaamotAL— After  Owetu 


■di  ia  m  llager-IilEe,  hig^ 

the  Mdriifi.    Tbe 

oon¥olatioiifl|  but 

taaiij  ol  the  iuioond- 

ia  like  Ivs^  inciiofs  UieFlrt* 


from  the  fbd  tlm 
to  the  Ungnlstoi  if 
indicftted,  Tbef  ne 
fif«-ioed,  but  the  dif- 
tU  am  represenUdei- 
l^mallj  anfjr  bj  thi 
ite  bqncMid.  cbalbv 
lioofsy  the  f oat  bJtf 
supported  bj  thkk, 
bfi»d|iodiL  Thekgi 
u^aliDOfft  whtiUf  tm 
bom  the  bodj.  '  Hie 
pkeeota  U  Kmarf, 
Qoii-deeidiiate.  The 
fikio  ii  Hiked  in  tbe 
existing  dephwli^ 
but  the  eiiiiiot  niiai* 
moth  was  caxwni 
QNUBelt  with  biifi. 
ElephMta  lite  ia 
herds,  broirang  ea 
Ifae  lesToe  of  tmi 
and  hcrtnL  Tbej  at- 
tain  a  height  of  frooi 
three  to  foar  aietrBi 
(lO-ld  feet).  Tbe 
Asialie  dopbot  has  a  coneare  forehead  and  small  ettn,  while 
the  African  qieciei  has  a  tuR,  rounded  forehead  and  large 
ears,  with  four  booii  on  the  fore  feet  and  three  on  the  hind 
feet,  Ibe  Asiattc  elephant  haring  one  more  hoof  on  each  Ihot. 
The  foasi  matntnoth  {Elephas  primiffmius  Blumenhaeh);, 
which  was  eoDteRijK)mueous  with  earlj  man,  waa  not  nttic^ 
larg^cr  than  tbe  existing  speoie&     Its  tusks,  however,  were  4 


Wkate  laariL  utA  tt*  hmmmm  teiifc  dir  €iriD*i>    r. 


;  ^ttom 
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great  size,  some  being  iiye  metres  long.  It  formerly  ranged 
in  herds  oyer  northern  Europe  and  Asia,  as  well  as  America^ 
bones  occurring  un^er  swamps  in  the  Northern  and  Middle 
United  States.  A  carcass  frozen  in  the  ice^  with  the  hair 
still  on,  was  discovered  near  the  mouth  of  the  Lena  River  in 
Siberia.  A  pigmy,  extinct  Maltese  elephant  of  the  late  Ter- 
tiary Period  was  only  1.7  metres  in  height. 

The  Mastodon  was  characterized  by  having  incisors  in  both 
jaws  of  some  of  the  species.     The  mastodon  had  molars  with 


FlfC.  SSI.— Dinotherinm.— From  a  restontioii  bj  Brandt 

conical  cusps,  and  was  3|-4  metres  (12-13  feet)  in  height. 
The  mastodon  {Mastodon  giganteum  Cuvier)  was  an  earlier 
type  than  the  elephant,  and  formerly  inhabited  the  North 
American  continent. 

In  the  Dinotherium  of  the  Middle  Tertiary  (Fig.  521)  there 
were  only  two  incisors,  and  they  grew  out  from  the  under 
jaw.     It  was  elephantine  in  its  form,  according  to  Brandt. 

Order  8.  Hyrncoidea, — With  some  affinities  to  the  Ro- 
dentia,  apd  a  decided  resemblance  in  some  particulars  to 


vilh  pttds  ««  in  B^ 
in  boc^  (faux  in 
«  kUfe  gngarioQi 
hieb  there  are  two 
SMtb  Abidiiy  and  another  ie 
t#  ba  tbe  conej  ivfervad 

of  wfaidi  no  8pe- 

and  2fe$odon. 

Om  odd-toed  ITngQ' 

Bcbofv  were  f  or  f 

lo  tbe  Sireiiiaiii, 

like  the  Edcntalefl. 

Ibe  earljr  Teniaiy 


iirfmainmah 
I  aaarly  all 
la  Bill,  ladi  as  the  oi, 
tfcqr  «•.  in  gBOcral,  charao- 
tinii^  Mch  toe 
■Km  Ihaa  four 
I  €■  a  loaL  Tbe  teeth  are  iisaaUj 
jair^  but  ihe^  ara 
Jav  kn  in  nmaber  or  entirely 
ox.    The  collar-bone  is 
■Ban  OMii{iared  v^ith  tli6 
ifl  of  unusual 
I  ol  Uw  previous  orders 
iM  iaoa  dindid  bf  Owmi  into  two  «ob- 
Ibe  odd  nanber  of   loet  (Perisiih 
{dfHmhdftm}.    In  the  Periflio- 
'  ba  IbRB  loat  OB  oaeb  ibot,  as  m  the  ibi* 
m  Am  hmm ;  while  in  the  Artiodactrles 
{ffif/Mf9tmmn4)f  or  two,  as  in  the 
I  and  two  ntdimcntol.  aa  in  the  ux 
Bnminan^£.     The  more  l  ttl  ex- 

CT&f^nlatei ia  the  tapir;  the  m^-     ^      :dt2€d 
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tjpe  is  the  horse,  with  its  single  toe  on  each  limb.  A  large 
number  of  extinct  Tertiary  Ungulates  in  the  Western  States 
and  Territories,  and  the  Tertiary  basins  of  Paris  and  Lon- 
don, more  or  less  allied  to  the  tapir,  especially  Coryphodon, 
Anoplotherium,  Palmotherium,  etc.,  were  generalized  or 
ancestral  forms,  from  which  the  modem,  more  specialized 
types  have  probably  been  evolved,  and  a  study  of  these  fossil 
Ungulates  shows  that  there  was  then  (t.  e.y  in  Eocene  times) 
an  essential  unity  of  organization  in  all  Ungulates,  including 
the  Ruminants ;  the  breaking  up  of  the  Ungulate  stem  into 
special  groups,  along  favored  lines  or  paths  of  development, 
having  resulted  in  a  gradual  improvement  and  elaboi*a- 
tion  of  particular  parts,  which  rendei*ed  them  more  fitted 
for  their  present  life,  and  more  intelligent  in  meeting  and 
overooming  the  emergencies  their  more  complex  surround- 
ings subjected  them  to.  Thus  in  the  Eocene  Ungulates, 
such  aa  Coryphadon,  the  cerebrum  was  small,  without  convo- 
lutions, indicating  a  slight  degree  of  intelligence  compared 
with  the  modem  Ungulates,  while  the  gradual  differentiation 
of  the  horse,  with  its  single  toe  and  hoof,  from  its  tapir-like 
ancestors,  is  a  marked  example  of  the  intelligent,  beneficent 
selection  of  favored,  useful  types  which  has  gone  on  from  the 
earliest  geological  times. 

AD  this  specialization  of  type  involved  the  destruction  of 
great  numbers  of  forms  unfitted  to  withstand  changes  in 
their  surroundings,  or  not  sufficiently  intelligent  or  wary  to 
avoid  the  attacks  of  carnivorous  forms,  and  thus  the  present 
number  of  Ungulates  is  much  exceeded  by  the  fossil  forms. 

Per%88odactyle8.  The  odd-toed  Ungulates,  on  the  whole, 
stand  lower  than  the  even-toed  forms.  They  all  have  at 
least  twenty-two  dorsal  and  lumbar  vertebrae,  and  a  simple 
stomach,  with  a  large,  sacculated  coecum.  The  tapirs  are 
the  more  elemental,  generalized  forms.  Fossil  tapirs  occur 
in  the  older  Tertiary  beds  of  the  West.  The  snout  is 
almost  proboscis-like,  and  the  legs  are  moderately  long,  with 
four  toes  in  front,  three  toes  behind.  The  tapirs  inhabit  the 
tropics  of  the  New  World  and  Sumatra.  They  are  succeeded 
by  the  rhinoceros,  represented  in  this  country  by  a  number 
of  extinct  Tertiary  allies,  the  living  species  being  restricted 


The  gidii  it  raauurlcsUf  tlii(  k 
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lf%  awl  ^oaggi,  etc,,  in  which  thin? 
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{Toiled  States.  America  being 
Tba  aaflittt  member  ot  the 
Id  Ike  lioiia  via  Sohtppus,  an  older 
■fa  aa  a  fox.  vhich  had  focir  well- 
of  a  fifth  on  each  fore^foot, 
la  kaer  eocene  ImhIs  appeared  m 
aff  aonkr  «ae«  bat  with  only  four  toes  in 
h  iMjatf  bfifa^  <".  €.,  lower  miocene, 
af  Jbaaft^lpwjt,  which  was  as  large  as 
ftna  anl  tikt  splint  of  another  in  each 
^yiML    In  later  miocene  bed« 
or  MMippus)  had  the  eame 
It  booeof  the  onter  or  fifth 
t**    The  splint  bonea^  then, 
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The  horse  {Eqnus  enhallus  Linn.)  is  the  most  useful  of  all 
domestic  animMls,  and  next  to  slirpa  a  prime  means  of  the 
diSuBion  of  civilization.     By  artificial  selection  a  great  num- 


ber of  varieties,  races,  and  strains  hare  been  produced, 
adapted  for  the  performance  of  different  kinds  of  work.  The 
horse  only  exists  in  a  domeBticated  state.     Sansou  states  that 


*•  i^  "i  »  ttc  wwi  (Africa)  m 
^M^  hA  fM«  oeeiir ;  in  the  hom 
tfe  iii^ie  of  the  skull  is  sbo 

nd  wwiir  uf  Turtary, 
gf Jteseof  Ite  afefstad  pi&iosof 
dkii  ofioi  repwded  ag  the  onginjij 
i  im  i^n^d  to  a  wild  sU^  since 
k  %o%  «  Iks  Don,  and  Iit^ 
m  wai  t^Brnfm  of  Souih  America. 
BKi  if  hociop^  the  OrienUil  and 
Mf  Shut  tjpes :  th«  Afabi&n,  ir ilk 
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,  and  tn  EngUiid  the, 
lype  of  th^  DeccKn,  ladia,  taJ 
■w  Tkrkaslaii,  Torktsh  horses,  and] 
iRs  meoiB|iriie  the  Fricsi^laQdJ 
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M  atv  dwarf  horses  prodacsed  in  cool, 
t «  tte  Shediad  raVandt.    The  wild  ] 
m\  langot  twrn  the  Inim  to  Mesa* 
r  Plalka,  tho  Daehjggiftai  or  Kias;. 
n  and  Mmgolim,    The  Itionj  and 
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male  are  infertile  hybrids  of  the  horse  and  ass  {Equus 
Minus  Linn.). 

Artiodactyles. — ^The  even-toed  Ungulates  comprise  the 
peccary^  pig^  hippopotamus,  and  the  Ruminants  represented 
by  the  deer,  sheep,  ox,  and  camel.  The  pig  and  peccary  are  the 
descendants  of  a  number  of  extinct  earlier  forms  which  flour- 
ished in  the  Tertiary  Period ;  the  pig,  as  Marsh  observes, 
having  held  its  own  with  characteristic  pertinacity.  The 
Hippopotamus  (Fig.  522)  has  a  large  head,  with  large  canines, 
a  clomsy  body,  and  short,  three-toed  legs.  Hippopotamus 
amphibius  Linn.,  ranges  from  the  Upper  Nile  to  the  Cape  of 
Good  Hope,  and  westward  to  Senegambia.  It  is  nearly 
^  metres  (11  feet)  in  length. 

Ruminantia. — ^The  remaining  Artiodactyles  are  called 
Raminants,  from  the  fact  that  they  chew  their  cud.  The 
molars  are  provided  with  two  double  crescent-shaped  folds 
(compare  Fig.  490).  The  stomach  (Fig.  523)  is  divided  into 
at  least  three,  usually  four  compartments,  i.e.,  the  paunch, 
the  reticulum  or  honeycomb,  so  named  from  the  polygon^ 
cells  on  its  interior,  the  psalterium  or  manyplies,  and  lastly 
the  rennet  or  true  stomach.  When  a  sheep,  cow,  or  any 
other  Raminant  feeds,  it  thrusts  out  its  long  tongue,  seizes 
a  bunch  of  grass,  and  bites  it  off  by  pressing  the  incisors 
of  the  lower  jaw  against  the  toothless  gum  of  the  opposing 
part  of  the  upper  jaw  ;  the  mouthful  of  grass  is  then  swal- 
lowed, mixed  with  much  saliva.  When  its  appetite  is  satis- 
fied it  seeks  a  retired  spot  away  from  its  carnivorous  ene- 
mies, if  not  a  domesticated  animal,  and  after  lying  down, 
saddenly  regurgitates  a  ball  of  grass,  the  cud,*  which  it  slow- 
ly grinds  up  between  its  molar  teeth  into  a  pulp.  The 
cropped  grass  passes  into  the  honeycomb  and  paunch  ;  the 
manyplies  serves  as  a  strainer  for  the  pulp,  which  in  the 
fourth  stomach  is  digested  by  the  gastric  juice. 

Among  a  number  of  fossil  forms  leading  up  to  the  exist- 

*  The  regargitation  of  the  cud  is  probably  due  to  a  sadden  and  sim- 
ultaneouB  contraction  of  the  diaphragm  and  of  the  abdominal  muscles, 
which  compresses  the  contents  of  the  rumen  and  reticulum,  and 
drives  the  sodden  fodder  against  the  cardiac  aperture  of  the  stomach, 
which  opens  and  the  cud  is  propelled  into  the  mouth.    (Huxley.) 
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balkj  m  n  ^sfimnU  and  of  the  lingular  form  approxi^ 
iMrrhr  ofiflaiid  If  the  accompanying  illdtftniHons,  Imvinf" 
^mmiiJMt  Id  tlie  motebpes  and  the  giraffe. 
Hie  defT  family  (Omricia)  is  repraaenied  in  the  Uuit 
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Stated  by  the  common  Yirgiiikn  deer  {Caria^us  Virginimivs 
Onij,  Fig.  526),  the  elk  or  wapiti  {Cervus  Canadensis  Erxle- 
ben.  Fig.  527),  and  tlie  caribou  {Rtfugifer  caribou  Audubon 
and  Baelimau),  which  is  [irobLiljly  a  variety  of  the  European 
reindeer  {R,  tarandus  Sundevall).  In  these  beautiful,  gmce- 
fnl  forma  the  solid  antlers  are  cast  of!  annually  ;  with  the 
exception  of  tlie  reindeer  the  fenuiles  or  does  have  no  antlers. 
The  prong-horn  anti4ope  {Antilocapra  Americmia  Ord, 


Fig.  B*&— Head  of  y«tin(r  Prong-bom  Atitelap«.— After  Hays. 

Fig.  538)  80  characteristic  of  the  western  plains,  also  drops 
its  horns  in  the  autumn,  though  thoy  are  hollow  when  shod 
and  with  a  persistent  core  us  in  ihe  ox  and  goat.  It  crops 
grass,  not,  like  the  deer,  eating  leaves  of  trees  and  shrubs ; 
**  in  fleetness  it  excels  all  other  cjiiadrupeds  of  our  cxinti- 
nent,"  though  it  is  short  winded,  and  does  not  run  a  great 
distance  (Caton).  In  its  horns,  hollow  when  cast  off,  and  the 
gall  bladder,  which  is  absent  in  the  Cervidm,  tlie  prong-horn 
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ooanects  the  deer  family  with  the  Btrndm,  rcpreaaated  hj  j 
the  aheep,  goat,  antelope,  gaselle,  and  ox, 

The  domestic  shet^p  {Oviejt  aries  Linn.)  ia  not  f 
specie&y  but  an  £Uia>ciatiou  of  meo^  whone  gj^ecific 
obficare,  Some  auihord  regard  tho  turf  sheep  of  the  i 
age  of  Europe  as  the  ancestor  of  the  domestic  sheep*  ai : 
like  it  are  now  living  in  the  bhcaiand  I^les  and  in 
It  was  of  small  sise,  with  slender  Umhs^  and  erody 
horns.  This  sheep  was  supplanted  by  a  curved,  l}irg<»JlOtiieill 
farm,  the  modern  domestic  sheep.  This  latter  form  kpo^J 
gibly  the  descendant  of  the  Otis  art/aii  P  "  '  Ai^ia^  whichj 
in  North  America  is  representetl  by  the  "  -  'ana  Cm 

the  Rocky  Mountain  eheep  or  big-horn  (Fig,  530),  gtiD  i 
mon  on  the  less  accessible  mimmit^  along  the  apjier  Mi 
and  Yellowstone  Rivers,  as  well  as  the  moniitaimi  %d  Wj- 

on  ling    and    Mont 
In  the  aame^  the 
Ugher  and  mom 
ce«sib1e  ttttuaiious  liv 
the    rarp    mon 
goat,  .  t 

horns  are  jet  black  t 
polished^    aleiidttr 
oonieaU  like  Uioit 
the  Swisa  ehamoia* 
IS  found  apttrii    ' 
ttio  higher  mm 
tho  Rocky  U 
and  the  Csscadv 
an  individual  has  within  a  few  years  been  shot  on  Mi 
Silas ta,  California*     Passing  by  tli  •s  and  tnia] 

telopes  we  come  to  another  char.t  Amcricaa 

imal,  the  musk  fiheep  {Ovibos  fnoadmius  BlaiiiTiIk,' 
Fig.  531),  now  confined  to  the  arctic  regionsu  A  doidrj 
allied  species*  Chnho^  priitcv.^  of  RotiTneyer,  formerly  duriagj 
the  poj*t-glaeiiii  period  existed  in  England,  France,  and 
many.  Closely  allied  to  the  musk  sheep  ia  a  finwil  fill 
(Bootherium  of  Leidy)  which  is  regarded  by  Rniimeyerand 


Fig.  53B.— Hornft  At  dllTerfrnt  ages  of  I  he  Ptfwe^ 
ham  Anietope,  »howintf  the  hoTlovir  structure  ot 
the  bom  wb«a  irhcd.— After  Muy*. 
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others  as  a  musk  sheep  (Ombos priscus  Rfltimeyer),  If  this 
is  the  case  the  musk  sheep,  or  a  species  closely  allied  to  it, 
formerly  extended  to  the  Middle  States  at  or  near  the  close 
of  the  glacial  period. 

We  now  come  to  the  hison  and  oi»     The  American  bison 


F(g.  S80.— Eoeky  If ouutttio  Bbeep  or  Bif^llorn.  —From  Brehm^e  Thierlebea. 


(Bison  Americanns  Gmelin)  formerly  ranged  from  Virginia 
and  Lake  Champlain  to  Florida,  and  westward  from  the 
northern  limit  of  trees  to  the  Rocky  Mountains  and  eastern 
Mexico,  It  is  now  in  danger  of  ext^^rmination,  being  mainly 
restricted   to  a   few  herds    on    the   plains.     It  is    closely 


xcoioor. 


preaerred  in  the  foreets  of  Bialowicia,  uid 
Bw  primigeniui  Bojann^  vUch 


ia  th»  liflM  of  OMiT  li?ed  in  OcrmaiiTand  Englui  bai^ 
%  tlw  nine  ''omt,''  k  Ow  ''nr"  of  the  m 
■oof.    FrtHH  it  liM  descended  the  half* wild  cuttle  in  ' 
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Engliflh  pttrksy  also  certain  large  domestic  races,  such  as  the 
Holstein  and  Friesland  breeds.  From  another  fossil  species 
{Bog  longifrans  Owen)  arose  the  so-called  brown  cattle  of 
Switzerland,  and  the  ^'runts''  of  the  Scottish  Highlands. 
Still  other  domestic  races  are  traced  back  to  another  fossil 


qnatemary  species,  Bos  frontosus  Nilsson.  Our  present 
races  of  domestic  cattle,  however,  do  not  represent  a  genuine 
species,  but  a  number  of  races  which  have  descended  from 
several  fossil  species ;  the  name  Bos  taurus  (Fig.  532)  is 
simply,  then,  a  conventional  name  (Cams'  Zoologie).  The 
bison  is  known  to  breed  with  cattle  in  the  Western  States, 


pfodaatd  are  tetib  orl 


by  dtt  gmSe»  with  its  kog 
«f  all  ^aadniped^  

OH  WotU»  «b1  liM  Baoui  aad  TtcQiia  of  SoD^J 
(Ttetiaij)  tanes  a  Ikma-like 
caaul  to  ORfU.     In  Hid 

are  jjujiciil;   Hie  iTiifnarll 
ten-  dambersy  die  third 

the  Koood  stonadt  has  the 
Ibe  ttbk  thai  the  came]  Btoree  i 
IB  iia  rtiWMrh  Cor  ito  march  oter 


Hi.1.    l»iltafU<B. 

The  ioei  have  thj  hr^  thick  pads,  while  the  hoo&  ait* 
leAaoed  le  ttail-Uke  proportiocis, 

<^*r  11-  Ofrai>0f«  (F«r«).^Tlie  bean  c»t,  tiger, 
liiHi  ncall  the  kadtng^  forma  of  this  order.  The  einiL.,^ 
naanf^  Iheagh  the  bead  n  small  or  of  modenOo  rise;  the 
teeth  an  aO  vdl  defdoped*  eepecially  the  csninei  ;  the  bmk 
lara  maallj  hatie  tex>  or  three  irots,  and  the  feet  haTe 
dawa.  The  atomaeh  te  eimple.  The  c^n^briiJ  hemiipL 
ef  Om  lower  caroiTom  haire  usually  but  thm*  distinct  i 
Tolataons,  while  the  latter  are  much  more  uitmeitiiQi 

oomplicated,  the  bniin  it«elf  beingr  broader,  ia  the  aqs 

forme  (Pinniptdia).  The  f^u\t  ig  dirid^  into  two  lab- 
orderSp  ue.  the  Pianipcdia  or  mih,  and  tho  land  ipeciee  (/ip- 
9ipMa)u    In  the  former  group  the  feet  are  webbed,  the  toil 
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being  connected ;  the  wrist  and  foot  only  projecting  beyond 
the  ekin  of  the  body,  and  there  are  no  external  ears^  or  only 
small  ones. 

The  walrus  (Fig.  534),  the  seals,  and  the  eared  seals  or 
sea-lions  {Otariida) 
are  the  types  of  the 
agnatic  Carnivores ; 
the  sea-lions  can  walk 
on  all  fours,  and  in 
certain  peculiarities  of 
the  skull  they  resem- 
ble the  bears. 

Of  the  terrestrial, 
normal  Carnivoray  the 
raccoon,  coati,  Cerco- 
lepteSy  and  bear,  to- 
gether with  a  number 
of  extinct  forms,  are 
the  more  generalized 
or  lower  types.  They 
are  plantigrade,  and 
while  standing  at  the 
base  of  the  carnivorous 
series,  have  some  fea- 
tures suggesting  and 
anticipating  those  of 
the  lemurs,  and  mon- 
keys. The  raccoon, 
Procyon  lotor  (Linn.), 
abounds  throughout 
the  United  States.  Al- 
lied to  it  is  the  coati 
{Nasua)  of  Central 
America,  a  creature 
about  the  size  of,  and 
with  the  general  hab- 
its of  the  raccoon,  being  an  exceedingly  knowing  and  mis- 
chievous animal.  A  number  of  extinct  Eocene  mammals 
are  also  allied  to  a  small  plantigrade,  long-  tailed  carnivore, 
CercoUptes,  which  resembles  the  Primate  iu  ita  two  cuttm^ 


T^  ac.— Sc-'ifwrn  it  -fut  7'nar  Bnc^Arwrw  ti--  ;«isr:^n(!«  f^t     ^\ 


'i:.  •ripttia 
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•  £:-£,  •ij^i^'f'.  ▼>lTrr«:e,  wea*!,  mink,  erniine.  vro.,  iit-arly 

i.*!    f  Ti.::  iTv  TilTiiblr  for  their  fur% 

7it  :>r  i^T^.j  *f^ai^iti<r\  i$  reprftsentod  by  the  fox.  wolf, 
a::!  ::c.  Tlc rnkj  ton  { I'rocifom  nn/i/iiVi/iw*  Erxkbeu)tho 
Ct:=^;c  r*^i  fox  Vulpe^  mlgarU  Fleming),  with  iis  varir- 
tff^,  :Lf  CT*:.s%  Hirer,  and  bhck  for,  as  well  ag  the  wolf 
(r4iii>  rii^»«  Linn.),  are  Taloable  for  their  furs.  The  wolf 
U  mosiK  erav  n<>it\i^iaA,\«MwisA^%  "  wralKward  more  and 
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more  blackisli  and  reddish^  till  in  Florida  black  wolves  pre- 
dominate, and  in  Texas  red  ones."  (Jordan's  Manual  of 
Vertebrates.)  The  prairie  wolf  or  coyot6  {Cams  luirans 
Say),  is  characteristio  of  the  Western  plains  and  Pacific  coast. 
The  Indian  dogs  breed  with  the  coyote,  and  the  offspring  is 
fertile.  (Coues.)  This  fact  appears  to  support  the  theory 
that  the  domestic  dog  (with  its  conventional  name  Cams 
familiaris  Linn.)  is  a  descendant  of  the  wolf.  On  the  other 
hand,  Fitzinger  in  his  "Researches  on  the  Origin  of  the 
Dog,**  states  that  fourteen  kinds  of  dogs  can  be  distinguished 
in  the  Roman  and  Greek  i-ecords  ;  of  these  he  considers  five 
to  be  principal  types  or  species,  five  others  climatic  varieties, 
the  remainder  being  either  breeds  artificially  produced  or 
hybrids.  As  regards  the  Egyptian  dogs,  seven  kinds  may  be 
distinguished,  besides  the  jackall,  three  of  them  being  dis- 
tinct species.  He  believes  that  wolves,  jackalls,  foxes,  etc., 
are  species  quite  distinct  from  the  domestic  dog ;  they 
may  have  interbred  with  the  latter,  and  thus  influenced  cer- 
tain breeds ;  but  they  are  not  the  parents  of  the  domestic 
dog.  He  concludes  that  there  are  seven  species  among  our 
dogs : — C,  domesticus,  extrarius  or  spaniel  and  Newfound- 
land dogs,  vertagus  or  badger  dog,  sagax  or  hound,  inolossus 
or  bulldog,  leporarius  or  greyhound,  and  the  naked  dog, 
C.  carihmus.  Among  half-wild  dogs  is  the  dingo  or  hunt- 
ing-dog of  Australia,  which  goes  in  packs. 

The  Viverra  and  Genet ta  or  civet  cats,  and  the  hyaenas 
lead  to  the  cat  family,  which  stands  at  the  head  of  the  Car- 
nivora.  The  panther,  leopard,  tiger,  and  lion  belong  to  the 
genus  Felis,  The  Felis  concohr  Linn.,  cougar  or  puma, 
ranges  over  both  continents;  it  is  1-1-3  metres  in  length. 
The  domestic  cat,  Felis  domestica  Linn.,  was  first  domes- 
ticated in  Egypt,  the  Greeks  and  Romans  not  i^ossessing 
it ;  the  cat  and  common  marten  were  in  use  as  domesticated 
animals  side  by  side ;  and  at  the  siime  time  in  Italy,  nine 
hundred  years  before  the  crusades.  It  appears  that  the  do- 
mestic cat  of  the  ancients  was  Mustelafoina  (Holiest on). 

Of  the  lynxes  there  are  two  species  in  North  America, 
Lynx   rufus  Rafinesque,  the  American   wildcat,  and   the 
Canada  lynx,  Lynx  Canadensis  Rafiue8(\uc,  tlui  laitoit  \i^vw^ 
much  the  larger  species. 
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eries  haye  led  to  the  hypothesis,  that  from  still  older,  more 
generalized  types,  four  lines  of  deyelopment,  respectively 
culminating  in  the  typical  Carnivores,  Cetaceans,  lemurs,  and 
monkeys,  have  taken  their  origin.  That  the  lemurs,  though 
now  restricted  to  Madagascar,  eastern  Asia,  and  South 
Africa,  were  preceded  by  still  more  generalized  types  on  the 
American  Continent,  is  indicated  by  the  discovery  of  fossil 
bones  in  the  Eocene  beds  of  the  Rocky  Mountains,  referred 
by  Marsh  and  Cope  to  the  Primates ;  Marsh  stating  that 
the  principal  parts  of  the  skeleton  are  '^much  as  in  some  of 
the  lemurs." 

Allied  to  the  true  lemurs  is  a  very  puzzling  creature,  the 
aye-aye  or  Chiromys,  of  Madagascar,  whose  dentition  differs 
from  that  of  all  other  Primates,  and  resembles  that  of  the 
Sodents ;  the  thumb  also  is  not  truly  opposable,  and  all  the 
hind  digits,  except  the  great  toes,  have  claw-like  nails.  The 
Oalago,  of  West  Africa,  somewhat  recalls  the  I?isectivora, 
while  "  in  the  more  active  and  flexible-bodied  LemuridcB, 
the  trunk-vertebrsB  resemble  in  proportions,  connections,  and 
direction  of  neural  spines  those  of  the  agile  Carnivora/^ 
(Owen.) 

The  genuine  Primates  or  suborder  Anthropoidea  are,  in 
brief,  characterized  by  the  large,  convoluted  cerebral  hemi- 
spheres which  nearly,  or  in  the  higher  apes  and  man,  conceal 
the  cerebrum  when  seen  from  above.*  The  ears  are  rounded, 
with  a  distinct  lobule,  and  the  two  mammsB  are  pectoral. 
These  Anthropoidea  are  divided  into  two  subdivisions,  the 
first  comprising  the  monkeys  and  apes,  and  the  second,  man. 
In  the  first  group  (Simice),  the  body  is  prone,  the  animal 
walking  on  all-fours,  only  the  orang  and  gorilla  walking 
partly  erect ;  the  great  toe  is  rather  short,  thumb-like,  and 
opposable  to  the  fingers,  while  the  body  is  very  hairy.  The 
monkeys  of  the  New  World  have  a  wide  septum  to  the  nose, 
and  are  hence  called  PlatyrhincB  ;  they  also  have  long  tails. 

The  little,  squirrel-like,  gregarious  marmosets  are  the  small- 
est of  the  monkeys  and  nearest  allied  to  the  lemurs.  They 
walk  on  all -fours,  the  anterior  extremities  being  like  the 

*In  the  low  HapdU  and  Oebus,  liowever,  the  cerebrum  projectQ 
UpkwmH  W  fftr  or  even  fikrth^r  tW  in  man  (Gill). 
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The  apea  live  in  trees,  only  occasionally  walking  on  th« 
ground  ;  their  posture  is  semi-erect ;  tliey  are  tailless,  the 
fore  legs  are  much  longer  than  the  hind  legs,  and  used  as 
arms,  the  radius  being  ca- 
pable of  complete  prona^ 
tion  and  supination.  In 
the  form  of  the  skull,  of 
the  brain  with  its  convoUi- 
tiaos,  and  in  the  teeth, 
there  is  a  still  nearer  ap- 
proach to  man. 

There  are  tliree  typical 
forms  or  genera  of  apes, 
!>•,  the  gibbon  {Ilt/lobahs^ 
Fig,  536) ;  the  orang  ( J//^ 
metes  pMecus)  and  chim- 
panzee (JA  nif/erj  Fi*,^ 
537),  and  the  gorilla.  The 
gibbons  arc  nearest  to  the 
monkeys;  they  are  little 
less  than  a  metre  (3  feet) 
ill  height,  and  are  very 
slender,  with  Tery  long 
arms,  so  that  they  are  rapid, 
agile  climbers,  also  run- 
ning  over  the  ground  with 
eaee  and  rapidity  ;  when 
fitanding  erect  the  fingers 
touch  the  ground ;  only 
the  thumbs  and  great  toes 
have  true  nails,  in  all  the 
higher  apes  the  nails  of  all 
the  digits  being  flatieued  ; 
the  spinal  column  is  nearly 
straight ;  they  have  four- 
teen pairs  of  ribs  and 
eighteen  dorso-lumbar  ver- 
1-ebne,  there  being  in  the  other  apea  usually  seventeen,  as  in 
man.  The  siamang  lives  in  the  forest  of  Sumatra;  others 
inhabit  Java,  Borneo,  Cambogia,  etc. 


FI^.  B3fl.— SkdiJlon  of  Siamang  Ape,  a  elb- 
bou.— After  Owetj, 
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The  ayerage  capacity  of  the  Caucasian  skull  is  92  cubic  inches. 


Australian      " 

75 

Gorilla 

29  to  near  35 

cubic  inches. 

Chimpanzee   " 

26 

Orang            '' 

25 

According  to  Wyman,  the  range  of  variation  in  different 
races  of  men,  as  seen  in  seventeen  skulls,  is  from  92  to  75 
cubic  inches  ;  in  the  gorilla  from  34  to  25  cubic  inches,  nine 
skulls  having  been  measured.  There  is  but  a  single  species 
of  orang,  which  is  restricted  to  Sumatra  and  Borneo.  It  is 
said  to  be  very  intelligent,  to  possess  a  voice  so  loud  as  to  be 
heard  one  or  two  miles,  and  to  build  a  nest  to  sleep  in. 

The  ehimpanzee  and  gorilla  are  only  found  on  the  west 
OOHk  of  Africa.  The  chimpanzee  {Mimetes  niger  Geoffrey 
vtth  itfrTarielj  TschegOyYig.  537)  inhabits  the  coast  from 
[^faR»  Leone  to  Congo.  It  is  about  1|  metres  (5  feet)  in 
'^iif^  It  can  stand  or  run  erect,  but  it  usually  leans  for- 
itald,  leitixig  on  its  knuckles  ;  the  arms  span  about  half  as 
nmoih  again  as  the  creature's  height.  Both  the  chimpanzee 
nd  gorilla  have  fourteen  pairs  of  ribs.  The  chimpanzee  lives 
on  fruity  is  an  active  climber,  and  nests  in  trees,  changing  its 
mde  qnarters  according  to  circumstances.  Bev.  Dr.  Savage 
statea  that  **  they  generally  build  not  far  above  the  ground. 
Bnmchee  or  twigs  are  bent,  or  partly  broken,  and  crossed, 
and  the  whole  supported  by  the  body  of  a  limb  or  a  crotch. 
Sometimes  a  nest  will  be  found  near  the  end  of  a  strong 
Idafy  iraneh  twenty  or  thirty  feet  from  the  ground." 

The  gorilla,  like  the  chimpanzee,  goes  in  bands,  but  the 
company  is  smaller,  and  led  by  a  single  adult  male.  They 
make  similar  nests,  which,  however,  in  tlie  case  of  both  apes, 
afford  no  shelter,  and  are  only  occupied  at  night.  The 
gorilla  sometimes  reaches  the  heiglit  of  about  IJ  metres  (5^ 
feet)  and  weighs  about  200  pounds.  Its  ordinary  attitude  is 
like  that  of  the  chimpanzee  ;  there  is  a  web  between  the  first 
joints  of  all  the  fingers  and  three  of  the  toes,  and  both  hands 
and  feet  are  broader,  while  the  body  is  much  more  robust 
than  in  the  other  apes,  being  very  broad  across  the  shoulders. 
The  span  of  the  arms  is  to  the  height  as  three  to  two,  or  a 
little  over  ci^hfc  teet    The  skull  is  tt\\c\L,  bltv^  \}cv^  ^V^-^-s^x 


fmcttjof  Uiecratare  is  ermced  b;  the  thick  rapn- 
'  Igfs  and  the  high  sagitUl  and  bmbdoidd  ere^U  ud 
ft»  top  «f  Ike  daill ;  the  face  ij  wiilo  and  long,  the  ncaa 
fcRBi  jBd  lii»  the  l^and  chin  promiuent  The  gorilli 
wibEhi  tl»  chimpumeev  though  it  stoopo  leai.  It  is  v«rf 
ilMtiiiM^  bold,  nrrtf  nmniiig  whea  approached  or  atuirM 
hg  mmu  It  Etbs  on  a  lange  of  moantaim  in  the  interior  <i( 
ite  hahital»  w  far  ae  known,  extending  from  a  little 
\  nl  the  Gaboon  BiTer  to  tha  Congo.  _ 

Tha^  to  ncaptaUe,  while  the  gibbong  are  most 
frooi  naa,  iha  aia&gs  approaeh  him  nearest  in  the  nai 
of  the  rifao,  the  fonn  of  the  cercbnil  hemtfipheres,  and 
lev  olmooa  dtaiaeters ;  the  ehi *  is  nmrest  nlatad  to* 

hinL  in  the  fona  of  the  skall,  t  [  ion  and  the  proper* 

liOBaof  the  ann^  while  the  gorilla  resemblea  him  mom  k 
Ihe  jroportMona  of  the  ^g  to  the  l)ody,  <tf  tlie  foot  to  the 
hoMl,  im  the  me  of  the  he^U  ^be  curvature  of  the  sptne,  the 
fonn  of  the  pelris  and  the  ab<^lut43  capacity  of  the  ikall 
(Haxlej).  Aiiatomisr^  have  aod  do  diiler  as  to  whethetr  the 
chimpaiiaee  or  the  goriUa  is  nearest  to  tnan« 

ThoifiiMttoo  whdJier  man  {Mmti^  mpiem  Liun. )  coi 
ttmpty  as  aa  piiim^ly  is  Ae  lepreeentaitive  of  a  di^ifinct 
ehaa,  order^  snborder  or  &milT,  h  and  may  nerer  bo  settled; 
thoi^  the  tendoBeyainon^  ^  '.^  is  to  louvc  him  aauNif 
the  PruMfe^  whore  he  wa  •}'  Linnaeus.     Arhoa  w^ 

er  the  slight  absolute  anatomical  differences 
t  bom  the  apea^  and  take  iuto  account  the  great  ti 
in  form  between  the  different  genera  of  Hpe^,  and  still 
in  the  monkeys  it  set*ms  bt^t,  tlirowing  onU  as  we  ha^ 
do  in  a  purely  Eoologieal  clasfiifieation^  the  int^tlloctual 
roofal  bicultiea  of  man,  to  adopt -the  view  tliat  man  is 
the  lepfeaentatiTe  of  a  group  of  Pnnwtejt.*  The  abeolale 
dilfiereooea  of  man  from  the  apes  eoniriat  in  the  gniai^  nam* 
her  and  irr^larity  of  the  convolutions  of  the  corehnd  booii* 

^Qeoffroj  St.  Hil&ire  piftoed  man  In  a  kinj^Am  bf  biniaelf ;  Chin 
Sflslgead  him  to  ft  flabrtaw ;  hj  others  lie  Is  g^wimilj  ngardal  ss  s 
reprf^senUtiTe  of  mn  order  Bimmia,  as  ofpomd  ta  tba  i 
mana,  or  tnonkejs  aud  ^les:  while  trom  reoeai  oompatsllfv 
man  U  considered  as  beloD^Dg  either  to  a  separate  sabordvr  or  s  I 
ttv. 
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spheres,  which  are  also  much  larger  compared  with  the  cere- 
bellum, and  completely  coyer  the  latter ;  tlie  entire  brain 
being  at  least  double  the  size  proportionately  of  that  of  the 
gorilla ;  ♦  it  is  also  stated  that  two  muscles  exist  in  man 
which  have  not  yet  been  found  in  any  ape,  the  extensor  primi 
intemodii  pollicis  and  ihaperoncBUS  tertius,  belonging  to  the 
thumb  and  foot  respectively  (Huxley),  f  There  are  also  points 
in  the  origin  of  certain  muscles  which  are  peculiar  to  man,  but 
Huxley  adds  that  all  the  apparently  distinctive  peculiarities 
of  the  muscles  of  the  apes  are  to  be  met  with,  occasionally, 
as  varieties  in  man.  On  the  other  hand,  the  relative  differ- 
ences of  the  skulls  of  the  gorilla  and  man  are,  as  Huxley 
states,  "immense."  In  man  the  cranial  box  overhangs  the 
orbits ;  in  the  gorilla  the  forehead  is  hollowed  out.  I'lie 
hinder  portion  of  the  brain  is  also  much  more  developed  in 
man  than  in  the  apes,  and  in  the  hinder  part  of  the  hemi- 
spheres the  convolutions  are  more  numerous  than  in  the 
chimpanzee,  this  part  in  monkeys  losing  its  convolutions 
altogether  (Wyman).  Man  stands  erect ;  his  arms  span  a 
distance  equal  to  his  height ;  the  spinal  column  has  four 
curves ;  the  skin  of  the  hands  and  feet  of  man  is  highly 
sensitive,  compared  with  that  of  the  apes.  P'inally,  as  Cuvier 
stated,  the  grand  distinctive  zoological  character  separating 
man  from  the  other  animals  is  the  possession  of  the  power  of 
speech. 

Sometimes  in  man  the  coccyx  has  one  or  two  more  joints 
than  the  normal  number,  but  the  apes  have  no  tail ;  though 
the  human  embyro,  like  other  young  animals,  has  a  tiiil, 

♦  **  It  must  not  be  overlooked,  however,  that  there  ia  a  very  Btriking 
difference  in  absolute  mass  and  weight  between  the  lowest  human 
brain  and  that  of  the  highest  ape — a  difference  which  is  nil  the  more 
remarkable  when  we  recollect  that  a  full-grown  gorilla  is  probably 
prettj  nearly  twice  as  heavy  as  a  Bosjes  man,  or  as  many  an  European 
woman.  It  may  be  doubted  whether  a  healthy  human  brain  ever 
weighed  less  than  thirty-one  or  two  ounces,  or  that  the  heaviest  gorilla 
brain  has  exceeded  twenty  ounces."  In  another  place  Huxley  states 
that  "  an  average  European  child  of  four  year's  old  has  a  brain  twice 
as  large  as  that  of  an  adult  gorilla." — Man's  Place  in  Nature. 

t  Dr.  Chapman  has  found  in  the  arm  of  a  gorilla  a  distinct  extensor 
prinU  internodii  poUicia  muscle,  but  no  trace  of  the  flex<n'  longui  poUi- 
M'-Ameriean  Naturalist,  June,  1879.  p.  395. 
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thoagh  as  obserred  bv  His*  it  does  not  contain  any  TeTtebm» 
and  33  tbu3  not  like  the  tail  of  other  embryo  mammaU*    Tb« 
black  and  Australian  raoea  are  slightly  nearer  the  ape«  tfaia 
civilized  peoples.    In  apes^  as  in  the  lower  mammals^  the  pd- 
ng  is  higher  than  wide ;  when  there  is  a  degradation  in  Uie 
hnman  pelvis  it  tendjs  to  become  higher  than  widCi  asmm  ift 
the  pelvis  of  the  lluttentoU,     In  civilii^tHl  nmn  tlie  legvare 
one  half  the  height  of  the  body,  but  in  the  South  Afiicaa, 
Hottentot,  and  Bushmen  the  legs  are  a  little  loss  than  liilt 
the  height,  and  the  thigh  bone  is  flattened  from  side  to  sid^, 
as  in  the  gorilla.     The  waist  is  broader  in  the  African 
in  the  European  ;  the  o$  cakh  is  not  longer  in  nt^roei 
in  the  white  man,  the  larger  heel  of  tlie  fi«rmer  being  Amply 

due  to  an  expansion  of  Ibi 
soft  part^ 

The  form  of  Uie  skull  va* 
ries  gri*atly  in  the  diflereiii 
nioos,  and  t?vcn  in  individ* 
nals  of  the  same  nee  of 
Duinkind.  This  is  0e€ii  ia 
the  difference  of  iheftuid 
Flit.  53i*,-sk«n  of  %  N*gro,  rfwjwing  iu  auyh.  This  is  obtained  by 
pfo^i.thi.m-Aft.rOw«n.  druwing  a   line   from  tlie 

occipital  condyle  along  the  floor  of  the  nostrils^  and  inter* 
secting  it  by  a  second,  touching  the  mo^t  promineni  |ar1s 
of  the  forehetid  and  upi>er  jaw  ;  the  angle  thej  make  iJ 
an  index  of  the  cranial  capacity,  arid  of  the  degree  of  b- 
telligence  of  the  individual.  The  facial  angle  in  the  ivpCiki 
is  very  slight,  as  it  ia  in  the  birds  \  in  the  dog  it  is  M%  in  lbs 
goritfu  40"^,  in  the  Australian  85*^  in  the  civilised 
it  avemges  95\  white  the  Gn^ek  g<*ulptoni  aitopted  tti  I 
angle  of  100',  (Owen,*)  AVhen  the  lower  part  of  the 
protrudes,  t\s  in  the  negro,  the  face  is  said  to  hoprognaii 
(Fig.  538)  ;  where  the  facial  angle  is  high,  and  the 
straight,  as  in  the  more  intellectual  forms,  the  cnminm 

*  P«geaMeol»er  statet  tbat  the  foclal  initio  la  tb«*  CaQcsiilfte  Wm 
pean  \b  80'^3\  and  i?r«»n  over  90' ;  In  the  Moogijllant  TtT^mT ;  to 
lu^roea  70^-75' ;  to  Uie  tribe  ef  MakolM  )o  South  Afriea  W  ;  In  th« 
irlbe  of  TikklTikki,  or  Akka  aegroM.  tli«  dmrlil  diMrnied  bf 
Schwe^lnfurih,  oaXy  W  ,~!tA\^«m«liiQ  Zoolo^«,  i,  ^  tSSk 
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\  orthognnthoiis.  Those  skulls  which  are  high  and 
f.,  with  the  longer  diameter  to  the  shorter,  aslOO 
to  65,  are  said  to  be  dulichocephaUcj  while  those  with  the 
diameters  as  100  to  B5  are caUed  brachijcephaUc^  hut  these  dis- 
tinetioiis  have  been  found  to  be  quite  arbitrary. 
The  chissification  of  the  hnman  races  is  in  as  an  unsatjg- 
jtory  state  as  that  of  the  domestic  animalSt  Natunilists 
now  agreed  that  there  u  but  one  sjiecies  of  man.  BIu- 
menbachy  from  the  shape  of  the  skull  and  ilic  color  of  the 
skin,  diyided  mankind  into  three  variefciea,  the  white  or  Cau- 
casian, the  brown  or  Mongolian,  and  the  black  or  Ethiopian, 
considering  the  American  variety  as  connecting  the  Caucasian 
id  Hongolianj  and  tlie  Malayan  as  intermediate  between 
le  Caucasian  and  Ethiopian.  Ilamilton  Smith  divided 
into  three  varieties,  Caucasian,  Mongolian,  and  Tropi- 
Latham,  also,  into  three,  Japetiiln:%  Mongolidte,  and 
tlantidte  ;  and  Pickering  into  wliite,  brown,  and  black 
ietiea,  w^ith  intermediate  races.  Ilnxley  divides  the  dif- 
rent  races  into  two  primary  groups,  the  Ulotrichi,  with 
sp  or  woolly  hair,  and  the  Leioirirhi  with  smooth  hair. 
The  average  height  of  Englishmen  is  5- 8-5 -10  feet  ;  in 

0  universities  more.  In  America,  the  average  height  of 
edk^I  and  military  men  is  5 -91  feet.  The  Patagonian  men 
e  ntiarly  six  feet  high  on  an  average;  the  women  5  10  feet; 
,e  Bnshnian  and  Ei?c|nimanx  4*7,  the  latter  being  the  small- 
t  people  on  the  earth.  The  gmaUeat  dwaiis  in  Enropo 
ere  33  and  28  inches  in  height  respectively ;  while  Pat- 
ick  Cotter,  tho  Irish  giant,  was  8  feet  7  inches  tall. 

It  is  claimed  by  some  naturalists  that  man  ba^^  descended 
from  some  generalized  typo  of  animal  which  gave  rise  to 
veral  series  of  foi-ms  culminating  in  the  monkeys,  apes, 
d   man   respectively,  and   by  others  thai   he  is  a  direct 
ndant   of    forms  like  the  chirapanzeo  or  gorilla ;   but 
is    probable    that    from    the  want    of    sntHcient  data, 
the  qncstion  m  to  the   origin  of  man  can   never  be  def- 
itely    settled.      Setting    hypothesis    aside,    in   a^^cending 
le   mammalian  series,  wo  have   seen  in  the  forms  lead- 
ing   from  the  extinct    Eoeene    generalized  types  of  Ed- 
cahilia   to  the  Carnivora   and   Prirnaies,  a  tendency   to 

1  extreme  specialization  of  those  parts  ministering  to  the 
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iMdam  H.  IHdelphia,~-Order  JTar^tfpia/ui.—Mammals  with  a  mar- 
Bopium  and  bones  sapporting  it.    (Macropua,  DidelphTs.) 

BiMaK  m.  Jtfbn^cItfpAus.— Placental  mammals. 

duper-iyrdtr  L  IneducabUia.—Bnm  with   a   relative! j  small, 
smooth  cerebrum. 

Order  1.  j^ruto.^-lncifiors  absent;  sometimes  toothless. 
(BrcUlypus.) 

i 
Order  3.  Olires, — Rodents,  incisors  large.    (Sciuras.) 

Order  3.  /Ttt^/tcor/i.— Fore  limbs  often  peculiarly  adapted 
for  burrowing  ;  molars  with  conical  cusps.  (Scalops.) 

Order  4L  CldropUra. — Fore  limbs  adapted  for  flight.  (Ves- 
pertilio.) 

Super-order  II,  Educabilia. — Brain  with  a  relativelj  large,  con- 
voluted cerebrum. 

Order  5.  Cete. — Cetaceans;  fish-liko  in  form,  no  hind 
limbs.     (Balsena.) 

Order  6.  /Str^nia.— Fish-like  in  form,  but  with  ascending 
rami  to  the  lower  jaw ;  teeth  runiinant-like.  (Mana- 
tus.) 

Order  7.  Proboscidea. — Snout  prolonged  into  a  proboscis. 
(Elephas.) 

Order  8.  ITyracoidea. — Long  curved  incisors ;  feet  with 
pads ;  toes  encased  in  hoofs.     (Eljrrax.) 

Order  9.  Toxodontut. — Extinct  forms,  with  well  developed 
incisors.    (Toxodon.) 

Order  10.  r7>jflr?//a^i.— Ungulates ;  toes  oncaHed  in  lioofs. 
(Eqnus,  Bos.) 

Order  11.  Carnirora. — Teeth  pointed ;  claws  large.  (Felip, 
Canis.) 

Order  12.  /'nm^iie*.— Brain  with  cerebrum  nearly  or  quite 
covering  the  cerebellum  ;  nails  usually  present ;  body 
quadrupedal,  quadrumanous,  or  erect  and  bimanous. 
(Cebus,  Gorilla,  Homo.) 

LaboreUarif  W<n'k.— AW  the  craniate  vertebrates  may  be  dissected  in 
the  same  general  manner,  either  under  water  in  pans,  or,  if  large,  apon 
the  dlBBecting  table.  The  necessary  tools  are  a  scalpel,  forceps,  scis- 
■018,  and  tenaealam  or  hook  for  suspending  the  specimens  or  portions 
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CHAPTER  IX. 

COMPARATIVE  ANATOMY  OF  ORGANS. 

Having  studied  the  morphology  of  animals  in  a  system- 
atic way,  it  will  be  well  for  the  student  to  make  a  brief  re- 
Tiew  of  those  facts  stated  in  the  foregoing  chapters  bearing 
on  the  origin  and  successive  degrees  of  complication  of  the 
most  important  organs. 

Organs  of  Digestion— The  Mouth  and  Teeth. — The  most 
important  organs  in  the  animal  system  arc  those  relating  to 
digestion,  as  an  animal  may  respire  solely  through  its  body- 
walls,  or  do  without  a  circulatory  or  nervous  system,  but 
must  eat  in  order  to  live  and  grow.  The  opening  by  which 
the  food  is  taken  into  the  alimentary  canal  is  called  the 
mouth,  whether  reference  is  made  to  the  *'  mouth'*  of  a 
hydra  or  of  a  vertebrate  ;  although  the  structure  of  the  edges 
may  differ  radically,  still  in  all  Metazoa  the  mouth  is  due  to 
an  inpushing  of  the  ectoderm,  however  differently  the 
edge  of  the  mouth  may  be  supported  and  elaborated.  The 
edges  of  the  mouth  are  usually  called  the  lips,  but  true  lips 
for  the  first  time  appear  in  the  Mammalia.  The  trituration 
or  mastication  of  the  food  is  accomplished  among  the  in* 
vertebrates  in  a  variety  of  ways,  and  by  organs  not  always 
truly  homologous. 

Hard  bodies  serving  as  teeth  occur  for  the  first  time  in  the 
animal  series  in  the  sea-urchins,  where  a  definite  set  of  cal- 
careous dental  processes  or  teeth  (Pigs.  78  and  79),  with  solid 
supports  and  a  complicated  muscular  apparatus,  serves  for 
the  comminution  of  the  food,  which  consists  of  decaying  an- 
imals and  sea- weeds.  In  those  Echinoderms  which  do  not 
have  a  solid  framework  of  teeth,  the  food  consists  of  minute 
forms  of  life,  protozoans  and  higher  soft-bodied  animals. 
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purpose  effected  by  the  serrated  edges  of  the  mandibles  of 
the  genuine  Crustacea  and  insects. 

Among  vertebrates,  the  lancelet  is  no  better  off  than  the 
majority  of  the  Coelenterates  and  worms^  having  no  solid 
parts  for  mastication  ;  and  we  have  seen  that  the  jaws  and 
teeth  of  the  hag-fish  and  even  the  lamprey  eel  form  a  very 
different  apparatus  from  the  jaws  and  its  skeleton  in  the 
higher  yertebrates  ;  and  that,  even  in  the  latter,  the  bony 
elements  differ  essentially  in  form  in  the  different  classes, 
though  originating  in  the  same  manner  in  embryonic  life. 
In  the  birds  we  have  seen  that  the  mandible  and  maxilla  are 
encased  in  horny  plates,  that  true  teeth  are  remarkably  ex- 
ceptionable, the  gizzard  being,  however,  provided  with  two 
hard  grinding  surfaces  ;  on  the  other  hand,  mammals  with- 
out  teeth  are  exceptionable. 

The  teeth  of  fishes  are  developed,  not  only  in  the  jaws, 
but  on  the  different  bones  projecting  from  the  sides  and 
roof  of  the  mouth,  and  extend  into  the  throat.  In  many 
cases,  in  the  bony  fishes,  these  shar])  recurved  teeth  serve  to 
prevent  the  prey,  such  as  smaller  fish,  from  slipping  out  of 
the  mouth.  On  the  other  hand,  the  upper  and  lower  sides 
of  the  mouth  of  certain  rays  {Myliohatis)  are  like  the  solid 
pavement  of  a  street,  and  act  as  an  upper  and  nether  mill- 
stone to  crush  solid  shells. 

In  the  toothless  ant-eaters  the  food  consists  of  insects, 
which  are  swallowed  without  being  crushed  in  the  mouth  ; 
true  teeth  in  the  duckbill  are  wanting,  their  place  being 
taken  by  the  horny  processes  of  the  jaws,  while  in  Steller's 
manatee  the  toothless  jaws  are  provided  with  horny  solid 
plates  for  crushing  the  leaves  of  aquatic  succulent  plants. 
Examples  of  the  most  liighly  differentiated  teeth  in  verte- 
brates are  seen  in  those  animals,  like  the  bear,  whose  food  is 
omnivorous,  consisting  of  flesh,  insects,  and  berries,  where 
the  crown  of  the  molars  are  tuberculate;  while  the  canines  are 
adapted  for  holding  the  prey  firmly  as  well  as  for  tearing  the 
flesh,  and  the  incisors,  for  both  cutting  and  tearing  the  food. 

The  simplest  form  of  a  genuine  digestive  or  enteric  canal 
is  to  be  found  in  the  Hydra,  and  in  a  more  advanced  stage 
in  the  marine  Hydroids.     For  the  technical  name  of  the 
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Organs  of  Ciroulation« — Intimately  associated  with  the 
digestive  canal  are  the  vessels  in  which  the  products  of  di- 
gestion mix  with  the  blood  and  supply  nourishment  for  the 
tissues,  or,  in  other  words,  for  the  growth  of  the  body.  In 
the  Infusoria  the  evident  use  of  the  contractile  vesicles  is  to 
aid.  in  the  diffusion  of  the  partly  digested  food  of  these  mi« 
croscopic  forms.  In  the  Hydra  the  food-stuff  is  directly 
taken  up  by  the  cells  lining  the  ccelum,  while  the  imper- 
fectly formed  blood  also  finds  access  to  the  hollows  of  the 
tentacles.  The  mode  in  which  the  cells  lining  the  canals 
in  the  sponge  take  up,  by  means  of  the  large  cilia,  micro- 
scopic particles  of  food,  directly  absorbing  them  in  their 
substance,  is  an  interesting  example  of  tKe  mode  of  nourish- 
ment of  cellular  tissues  of  the  lower  animals. 

The  sea-anemone  presents  a  step  in  advance  in  organs  of 
circulation  ;  here  the  partly  digested  food  escapes  through 
the  open  end  of  the  stomsie]!  into  the  j)eriviscenil  chambers, 
the  action  of  the  cilia,  with  the  contractions  of  the  body, 
churning  the  blood,  consisting  of  sea- water  and  the  particles 
of  digested  food,  and  a  few  blood-corpuscles,  hither  and 
thither,  and  forcing  it  into  every  interstice  of  the  body, 
even  into  the  tentacles,  so  that  the  tissues  are  everywhere 
supplied  with  food. 

The  water- vascular  system  of  the  Goelenteratcs  presents  an 
additional  step  in  degree  of  complexity ;  but  it  is  not  until 
we  reach  the  Echinoderms  on  the  one  hand,  and  such 
worms  as  the  Nemeries  and  allies  on  the  other,  where  defi- 
nite tubes  or  canals,  the  larger  ones  contractile,  and  in  the 
latter  type  at  least  formed  from  the  mesoderm,  serve  to 
convey  a  true  blood  to  the  various  parts  of  the  body,  that 
we  have  a  definite  blood  system.  In  the  £chinoderms  a 
true  haemal  or  vascular  system  may  co-exist  with  the  water- 
vascular  system.  In  the  annelids,  such  as  the  Nereis,  one 
of  the  blood-vessels  may  be  modified  to  form  a  pulsating 
tube  or  *'  heart,"  by  which  the  blood  is  directly  forced  out- 
ward to  the  periphery  of  the  body  through  vessels  which  may, 
by  courtesy,  be  called  arteries,  while  the  blood  returns  to 
the  **  heart "  by  so-called  veins. 

The  mollusks  have  a  circulatory  system  which  presents  a 
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n  inr<banibered  beari.  It  slioutd  he  borne  in  mind  chat 
in  flaifrCfe  the  htnrtof  all  Called  vert4'brut4:s  {Crai^i^fU) 
m  a  i^ple  tube,  and  as  Gegpnbanr  states,  '*  as  it  gradftallf 
giti  lander  than  the  space  set  aptirt  fc»r  it,  it  is  anangiBd  m 
an  S-dhaped  Ioop»  and  so  takes  on  the  form  which  Ibe  bent 
baa  faUer  on/'  Owing  to  this  chnnge  of  form,  it  ia  diYideil 
mlo  two  pans,  the  anricle  and  Tontricla. 

A  striking  featnre  first  encotintcrcd  in  the  craQtataT«r* 
tebnles  is  the  presence  of  a  svi  of  vessels  conreyiog  tbs 
nutrient  fluid  or  chyle  which  Alters  through  the  walls  ef 
the  digeatiTe  canal  to  the  blnod-ressels  ;  these  are  the  f|«i- 
pkMiicf.  In  tlie  lancelct,  as  well  as  in  the  inrertebmle  ani* 
mala,  anchresseld  do  not  aecur^  but  the  chyle  ooaea  Ibroagb 
the  stomach-walls  and  directly  mixes  with  the  blood* 
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Organs  of  Bespiration.— Always  in  intimate  relation  with 
the  circulatory  system  are  the  means  of  respiration.  The 
process  may  be  carried  on  all  over  the  body  in  the  simple 
animals,  such  as  Protozoa  or  sponges,  or,  as  in  Coelenterates, 
it  may  be  carried  on  in  the  water- vascular  tubes  of  those 
animals,  while  in  the  so-called  '*  respiratory  tree"  of  Echin- 
oderms  it  may  go  on  in  company  with  the  performance  of 
other  functions  by  the  same  vessels.  Respiration,  however, 
is  inclined  to  be  more  active  in  such  finely  subdivided  parts 
of  the  body  as  the  tentacles  of  polyps,  of  worms,  or  any 
filamentous  subdivisions  of  any  of  the  invertebrates  ;  these 
parts,  usually  called  gills,  though  only  the  gills  of  fishes  are 
truly  such,  present  in  the  aggregate  a  broad  respiratory  sur- 
face. Into  the  hollows  of  these  filamentous  processes, 
which  are  usually  extensions  of  the  body-walls,  blood  is 
driven  through  vessels,  and  the  oxygen  in  the  water  bathing 
the  gills  filters  through  the  integument,  and  immediately 
gains  access  to  and  mixes  with  the  blood. 

The  gills  of  the  lower  animals  appear  at  first  sight  as  if 
distributed  over  the  body  in  a  wanton  manner,  appearing 
in  some  species  on  the  head,  in  others  along  the  sides  of  the 
body,  or  in  others  on  the  tail  alone  ;  but  in  fact  they  always 
arise  in  such  situations  as  are  best  adapted  to  the  mode  of 
life  of  the  creature. 

The  gills  of  many  of  the  lower  animals  afford  an  admira- 
ble instance  of  the  economy  of  nature.  The  tentacles  of 
polyps,  polyzoans,  brachiopods,  and  many  true  worms  serve 
also,  as  delicate  tactile  organs,  for  grasping  and  conveying 
food  to  the  mouth,  and  often  for  locomotion.  The  suckers 
or  '*  feet'*  of  star-fish  or  sea-urchins  also  without  doubt 
perform  the  office  of  gills,  for  the  luxuriously  branched, 
beautifully-colored  tentacles  of  the  sea-cucumber  are  simply 
modifications  of  the  ambulacral  feet.  One  of  the  readiest 
ways  of  judging  of  the  mental  condition,  so  to  speak,  of  a 
worm,  such  as  Sahella  or  Tercbrella  or  of  a  polyzoon  or  a 
brachiopod,  is  to  watch  the  movements  of  their  beautiful 
delicate  gills,  which  are  thrust  in  or  out,  waved  back  and 
forth,  slowly  or  suddenly,  according  to  the  degree  of  tran- 
quillity or  disquietude  of  their  possessors. 
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In  the  mollosks,  eB|>eciallj  the  Bnails  and  cnttle-fidi, 
gills  are  in  close  relations  with  the  hearty  m  that  in  the  cm 
tlo-tish  the  auricles  are  called  *' branchial  hearU*'* 
gills  of  crustaceans  (Fig.  Hh^S)  arc  attached  either  to 
thoracic  legs  or  are  moditied  abdominal  feet,  being  hi 
thin^  leaf-like  processes,  into  which  the  blood  is  fort*iHl  h 
the  contractions  of  the  tubular  heart*  Respiration  in  tl 
insects  goes  on  all  over  the  interior  of  the  body,  the  trj 
tubes  distributing  the  air  so  that  the  blood  bL^comee  oij] 
nated  in  every  part  of  the  body,  including  the  ends  of  all 
appendages.  The  gills  of  aquatic  insects  are  in  all  caflai  fill- 
mentous  or  leaf-like  expansions  of  the  akin  ]»ermoatod  by 
trachese  (Fig.  32G) ;  they  are,  therefore^  not  strictly  homdo* 
gous  with  the  gills  of  crustaceans  or  of  worms. 

The  gills  of  fishes  are  so  situated  as  to  be  constantly 
bathed  by  fresh  water  ;  in  the  amphibians  and  lung*fifthei| 
hingg,  which  are  outgrowths  of  the  enteric  canal,  replace  the 
air-si*cs  of  the  fislies,  the  air  being  now  s  wail  lowed  by  thi 
mouth  and  gaining  access  by  a  special  duet^  the  larynx^  to 
highly  specialized  organs  of  respiration,  tho  lunga,  whidi 
are  situated  in  tho  thoracic  cavity  near  the  heart. 

Tho  Nervous  System.— We  have  seen  that 
paratively  complicated  structure  perform  ti 
animal  economy  without  any  nenrons  system  whatOTtr.  It 
has  been  only  recently  discovered  that  in  a  few  jeUj*fisii  ii 
therefor  the  first  time  in  the  animal  series,  a  eoiunaitivt 
nervous  system,  with  definite  nerve-centres  or  ganglia.  la 
most  Acalephs  none  has  been  found,  so  that  Die  imgority 
of  Ca*lenterates  perform  their  complicated  moTemsfiti^ 
swimming  about  for  food,  taking  it  in,  digesting  \U  aad  it- 
producing  their  kind,  without  the  aid  of  what  aeema,  whm 
we  study  Tertebratea  alone,  as  the  most  ixnportant  and 
fundamental  system  of  organs  in  the  Ijody. 

The  Protozoa,  sponges,  and  most  Ca*)ent4?rato«  dcp<in4t  to 
the  power  of  motion,  on  the  contractility  of  the  protoplsfiD 
of  the  body,  whether  or  not  separated  into  muscular  titffMu 
In  the  Hydra  for  the  first  time  appear  the  traoet  of  a  nei* 
vous  tisBUQ  m  IW  aQ^t^^A  n^rro-mudcnhur  coUs,  one  por^ 


.1 


OOiiPABAflV^  AJ^AtOMf  OF  0RQAN8.  639 

tion  of  a  cell  being  mosoular,  the  other  nervous  in  its  func- 
tions. 

A  more  definite  nervous  organization  is  the  disconnected 
bodies  and  rod-like  nerve-cells,  and  other  nervous  bodies 
found  near  the  eye-spots,  and  the  nerve-cells  and  fibres  at 
the  base  of  the  sea-anemone  ;  but,  as  has  been  stated,  a  gen- 
nine  nervous  system  for  the  first  time  appears  in  certain 
naked-eyed  jelly-fishes,  in  which  it  is  circular,  sharing  the 
radiated  disposition  of  parts  in  these  animals.  The  Echin- 
odanns  have  a  well-developed  nervous  system,  consisting  of 
a  ring  (without,  however,  definite  ganglia,  though  masses  of 
ganglionic  cells  are  situated  in  the  larger  nerves),  surround- 
ing the  oesophagus,  and  sending  a  nerve  into  each  arm  ;  or  in 
the  Holothurians  situated  under  the  longitudinal  muscles 
radiating  from  that  muscle  closing  the  mouth. 

In  all  other  invertebrate  animals,  from  the  worms  and 
moUnsca  to  the  crustaceans  and  insects,  the  nervous  system 
is  fundamentally  built  upon  the  same  plan.  There  is  a  pair 
of  ganglia  above  the  OBSophagus  called  the  **  brain  ;''  on  the 
under  side  is  usually  a  second  pair ;  the  four,  with  the  nerves 
or  commissures  connecting  them,  forming  a  ring.  This  ar- 
rangement of  ganglia,  often  called  the  '*  oesophageal  ring," 
constitutes,  with  the  slender  nerve-threads  leading  away  from 
them,  the  nervous  system  of  the  lower  worms,  in  many  of 
which,  however,  as  also  in  the  Polyzoa  and  Brachiopoda^ 
the  Buboesophageal  ganglia  are  wanting.  Now  to  the 
oesophageal  ring  with  its  two  pairs  of  ganglia  add  a  third 
pair  of  visceral  ganglia,  and  we  have  the  nervous  system 
of  the  clam  and  many  moUusks.  In  the  higher  ringed 
worms,  the  Annulata,  and  in  the  Crustacea  and  Insects,  a 
chain  of  ganglia,  or  brains,  which  is  ventral,  lying  on  the 
floor  of  the  coelum  or  body-cavity,  completes  the  highest 
form  of  nerve-centre  found  in  the  invertebrate  animals, 
unless  we  except  the  mass  of  ganglia,  partly  enclosed  in  an 
imperfect  cartilaginous  capsule  of  the  Cephalopods,  which 
hints  at  the  brain  and  skull  of  Vertebrates.  The  nervous 
cord  of  the  Appendicularia,  an  Ascidian,  is  constructed  on 
the  same  plan  as  in  the  Annulata,  but  the  mode  of  origin  and 
apparently  dorsal  position  of  the  nervous  system  of  the 
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bly  perfect  eye,  consisting  of  a  projecting  spherical  lens 
ooTered  by  the  skin,  behind  which  is  a  yitreons  body,  a 
layer  of  pigment  separating  a  layer  of  rods  from  the  exter- 
nal part  of  the  retina,  oatside  of  which  is  the  expansion  of 
the  optic  nerre.  Eyes  are  also  situated  on  the  end  of  the 
body  in  some  worms,  and  in  a  worm  called  Polyophthalmus 
each  segment  of  the  body  bears  a  pair  of  eyes. 

The  eyes  of  moUosks  are,  as  a  rule,  highly  organized,  un- 
til in  the  cuttle-fish  the  eye  becomes  nearly  as  highly  de- 
yeloped  as  in  fishes,  but  still  the  eye  of  the  cuttle-fish  is  not 
homologous  with  that  of  Vertebrates,  since  in  the  former 
the  crystalline  rods  are  turned  toward  the  opening  of  the 
eye,  while  in  Vertebrates  they  are  turned  away  from  the 
opening  of  the  eye,  so  that,  as  Huxley  as  well  as  Oegen- 
banr  show,  the  resemblance  between  the  eye  of  the  Ge- 
phalopods  and  of  the  Vertebrates  is  a  superficial  one. 

While,  as  we  have  seen,  the  eyes  of  the  worms  and  the 
mollnsks  are  situated  arbitrarily,  by  no  means  invariably 
placed  in  the  head,  in  the  Crustaceans  the  eyes  assume  in 
general  a  definite  position  in  the  head,  except  in  a  schizo- 
pod  crustacean  (Euphausia),  where  there  are  eye-like  organs 
on  the  thorax  and  abdomen.  In  insects  there  are  both  sim- 
ple and  compound  eyes  occupying  definitely  the  upper  and 
front  part  of  the  head. 

The  eyes  of  the  lancelet  are  not  homologous  with  those 
of  the  higher  Vertebrates,  being  only  minute  pigment  spots 
comparable  with  those  of  the  worms.  In  the  skulled  Ver- 
tebrates the  eyes  are  of  a  definite  number,  and  in  all  the 
types  occupy  a  definite  position  in  the  head. 

The  Ear.— The  simplest  kind  of  auditory  organ  is  to  be 
found  in  jelly-fishes,  where  an  organ  of  hearing  first  occurs. 
In  these  animals,  situated  on  the  edge  of  the  disk,  are  minute 
yesides  containing  one  or  more  concretionary  bodies  or 
crystals.  Reasoning  by  exclusion,  these  are  supposed  to  rep- 
resent the  ear-yesicles  or  otocysts  of  worms  and  mollusks ; 
and  the  concretions  or  crystals,  i\iQ  otoliths  of  the  same  kind 
of  animals. 

The  otocysts  or  simple  cars  of  worms  and  mollusks  are 
minute  and  usually  diiBEicult  to  find,  especially  the  auditory 
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nerve  leading  from  them  to  the  nerre-centrea.  In  th^ 
dam  it  is  to  be  looked  for  in  the  so-called  foot  In  tbt 
snails  the  auditory  vesicles  are  placed  in  the  head  cloee  to 
the  brain,  as  also  in  cQttle-fish.  The  ears  of  Cmstftcrm  m 
sacs  formed  by  inpushings  of  the  integument  filled  with  fluid, 
into  "which  hairs  project,  and  which  contain  grains  of  mid 
which  have  worked  in  from  the  outride,  or  concretions  ot 
lime.  These  are  situated  in  the  shrimps  and  crabs  at  th» 
base  of  the  inner  antennae,  but  in  certain  other  lower 
cea,  as  in  Mysis,  they  are  placed  at  the  base  of  the 
of  the  tail-  In  the  insects  the  ear  is  a  sac  covered  hjlk 
tympanum,  with  a  ganglionic  cell  within,  leading  by  a 
slender  nerve-fibre  to  a  nerve-centre,  and  in  these  aniinab 
the  distribution  of  ears  is  very  arbitrary.  In  the  locust  they 
are  situated  at  the  base  of  the  abdomen  (Fig,  279)  ;  in  Uw 
green  grasshoppers  or  katydids  and  the  crickets  in  the  fare 
tibi«e  ;  and  it  is  probable  that  in  the  butterflies  the  anti^muD 
are  organs  of  hearing. 

The  vertebrate  ears  are  two  in  number  and  occupy  a  dis- 
tinct, permanent  position  in  the  skull,  however  much  modi- 
fied the  middle  and  outer  ear  b€C4>me. 

Organs  of  SmeU.— The  sense  of  smell  is  obecnrely  infr 
cafced  by  special  organs  in  the  invertebrate  aainuilay 
organs  as  such  being  characteristic  of  the  skulled  V( 
Whether  organs  of  smell  exist  in  any  worms  or  not  k 
known  ;  tlier^  are  certain  pite  in  some  worms  wbk^  may 
posaibly  be  adapted  for  detecting  odors.  In  some  inaBcH  H 
1tf«st  the  organs  of  smell  are  without  doubt  well  derekped ; 
the  antenn*  of  the  burying  beetles  are  large  and  knob^liket 
aad  etidently  adapted  for  the  detection  of  carrion,  ft  '^ 
iMttsibletiial  eertain  organs  situated  at  the  base  of  Ibe  winp 
cS  tbe  lli«  and  on  the  caudal  appendagee  of  the  ooclofoacfc 
and  oevtain  flies  (Fig.  S90)  are  of  use  in  deteeting  odon. 


CHAPTER  X. 

DEVELOPMENT  AND  METAMORPHOSES  OP  ANI- 
MALS. 

Xmbryology.— The  deyelopmentof  the  indiyidnal  isofteo 
an  epitome  of  the  classification  of  the  order  or  class  to  which 
it  belongs,  as  well  as  of  the  development  or  appearance  in 
geological  history  of  the  different  members  of  the  order  or 
class  to  which  the  individual  belongs.  The  changes  under- 
gone by  the  animal  within  the  egg  are  often  so  sudden  and 
marked  that  the  separate  chapters  of  its  history  as  an  em- 
bryo can  be  read  side  by  side  with  the  history  of  the  succes- 
sion of  the  different  genera  and  families  of  its  type  in  past 
ages.  Moreover,  it  is  now  generally  supposed  by  naturalists 
that  these  critical  periods  in  the  development  of  the  individ- 
ual have  a  constant  relation  to  external  causes  which  have 
acted  on  the  ancestors  of  the  animal,  and  hence  that  these 
changes  are  the  result  of  influences  and  changes  in  the  sur- 
roundings of  the  forms  which  have  preceded.  So  much  in- 
terest, therefore,  attaches  to  the  subject  of  the  early  develop- 
ment of  animals,  that  much  prominence  has  in  the  foregoing 
pages  been  given  to  the  matter. 

We  may  now  briefly  review  the  more  striking  phenomena 
of  development  in  the  invertebrate  animals,  and  close  with  a 
summary  of  the  mode  of  development  of  Vertebrates. 

The  eggs  of  all  animals  consist  of  three  portions,  the  egg 
proper,  consisting  of  a  mass  of  protoplasm  enveloped  by 
the  yolk  or  food-stuff,  the  nucleus  or  germinative  vesicle, 
and  the  nucleolus  or  germinative  spot. 

Before  the  egg  is  ready  for  fertilization  it  undergoes  a 
special  process  of  maturation,  involving  the  following  series 
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side  in  bundles,  (e) ;  from  each  one  a  cilium  or  '^  tail "  grows 
onty  when  they  are  set  free  from  the  mother-celL  In  this 
tailed  form  they  are  yery  active,  and  effect  the  fertilization 
of  the  egg  of  an  animal  of  the  same  species.  This  is  due  to 
contact  of  one  spermatozoon  with  the  female  pronucleus  situ- 
ated in  the  egg.  Immediately  after  the  spermatozoon  has 
penetrated  into  the  egg,  its  '^  head  '^  is  converted  into  a 
nucleus,  called  the  male  pronucleus  ;  after  this,  radiating 
strie  make  their  appearance  around  its  surface  ;  then  the 
male  pronucleus  travels  toward  the  female  pronucleus,  and 
finally  the  male  and  female  pronuclei  fuse  together  and  form 
the  first  '^  segmentation  nucleus.'^ 

This  nucleus  subdivides,  and  the  result  is  a  mass  of  cells 
resembling  a  mulberry,  and  hence  called  the  morula.  The 
outer  circle  of  the  cells  of  the  morula  may  hereafter  form 
what  is  called  the  blastoderm  ;  after  a  while  it  pushes  in  at 
one  point,  and  the  portion  thus  forced  is  called  the  inner 
germ-layer  (endoderm)  and  the  outer  is  called  the  ectoderm 
or  outer  germ-layer,  and  in  this  condition  the  germ  is  called 
a  gastrula.  Subsequently,  a  third  layer  develops  from  the 
others — ^just  how  is  not  certainly  known — and  after  this  the 
different  tissues  become  developed. 

All  animals,  from  sponges  to  man,  become  first  two-  and 
afterward  three-layered  sacs  ;  so  that  all  animals  above  the 
Protozoa  not  only,  as  a  rule,  originate  from  eggs,  but  may  be 
said  to  travel,  up  to  a  certain  point,  the  same  developmental 
path.  From  this  point  the  members  of  different  types  of 
life  diverge.  How  different  are  the  modes  of  development 
of  animals  has  been  set  forth  in  the  different  life-histories 
related  in  the  foregoing  pages  of  this  book.*  But  the  laws 
of  growth  are  as  stable  and  uniform — certain  causes  pro- 
ducing certain  results — as  the  laws  of  the  motions  of  the 
heavenly  bodies. 

When  the  workings  of  these  laws  of  development  are  in- 
terfered with  by  sudden  accidents,  by  too  scanty  nourish- 
ment, and  by  the  transmission  of  the  effects  of  such  acci- 

♦  For  a  fuller,  more  consecutive,  though  still  fragmentary  account, 
the  reader  is  referred  to  the  author's  "Outlines  of  Comparative  Em- 
bryology, or  Life  Histories  of  Animals,  including  Man." 
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dents  or  abnonnal  products  from  parents  who  haTebMB*| 
affected  by  them,  the  resulU  are  usually  abnormal^  more  ar  1 
less  distorted  fonna,  with  greater  or  less  deiectji ;  and  ' 
again  have  been  obeerTed  laws  governing  the  prodnctio 
abnormalities,  the  study  of  these  being  called  teralolo^f. 

We  may  study  the  mode  of  development  of  the  dc 
fowl  or  hen  as  the  best  knowB  example  to  illostraie 
clianges  undergone  by  an  embryo  vertebrate,  for  this  pur- 
pose condensing  the  statements  of  Foster  and  Balfour  in 
their  *"  Elements  of  Embryology/^ 
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Vthmt  betwveo  wkleli  Is  «ltiial«d  the  irpuial  cord.  EnUrgvd  wu  UmeaL-AJicr 

/\V5/  Day, — After  fertilization  of  the  egg,  segment 
tho  egg  occurs,  but  instead  of  being  total,  forming  a  morula' 
or  multjcrry  mass,  it  is,  as  in  all  birds  and  in  the  majarily  of  j 
fishes  and  reptiles  (except  tlie  lanceletand  lamprey  eeJ)t  par- 
tial, or  coufined  to  the  periphery  of  the  yolk,  rMilltlififi| 
the  formation  of  a  blastoderm,  the  oval  more  appafmlpor*] 
tion  being  called  the  **  blastodermic  disk/^  which  ta  Uii  b^  { 
ginning  of  the  embryo.  In  six  or  eight  honm  after  tetQi* 
nation  the  three  germ-layers  appear.     From  tho  outer  \ 
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la]rer  are  destined  to  arise  the  skin  and  wall  of  the  body 
with  the  nervoas  system  ;  from  the  second  (mesoderm^  in 
the  embryo  called  the  mesoblast)  are  formed  the  heart  and 
the  yascular  system^  as  well  as  the  stomach  and  intestines. 

The  middle  layer  now  thickens,  causing  the  mark  known 
as  the  ''  primitive  streak/'  along  the  middle  of  which  rang 
the  "  primitive  groove."  The  notochord  now  appears  and 
the  primitive  vertebrae  {protovertebrcB,  Fig.  540).  The  am- 
nion arises  as  a  membrane,  splitting  off  from  the  outer  germ- 
layer  of  the  embryo,  and  finally  forms  a  cavity  which  is 
filled  with  a  fluid.  About  this  time  the  allantois  arises  as 
an  offshoot  of  the  alimentary  canal,  budding  out  at  the 
hinder  end  of  the  embryo,  and  finally  curving  over  the  em- 
bryo, serving  as  a  foetal  respiratory  membrane. 

Second  Day. — The  three  portions  or  vesicles  of  the  brain 
now  appear  (Fig.  540),  as  well  as  the  alimentary  tract  and 
heart,  both  arising  in  the  head-fold  or  enlargement  (Fig.  540, 
a  to  e\  and  soon  the  blood-vessels  arise  as  channels  in  which 
blood-corpuscles  appear,  originating  as  amoeba-like  cells 
separating  from  the  cellular  mass  of  the  mesoderm.  Dur- 
ing the  second  day  also  the  eyes  and  ears  begin  their  devel- 
opment, being  at  first  simply  folds  or  inpushings  of  the 
outer  germ-layer. 

Third  Day. — ^This  is  one  of  the  most  eventful  days,  as  im- 
portant steps  in  the  elaboration  of  the  different  organs  are 
taken  ;  the  different  parts  of  the  brain,  of  the  alimentary 
tract  and  its  appendages  being  sketched  out,  and  the  rudi- 
ments of  the  lungs,  the  liver,  pancreas,  nose,  and  different 
parts  of  the  eye  and  ear  appearing.  On  ihe  fourth  day  the 
wings  and  legs  grow  out,  appearing  first  as  flattened  buds. 
The  notochord,  which  is  indicated  by  the  second  day,  by  the 
sixth  begins  to  diminish  in  size,  disappearing  by  the  time 
the  chick  is  hatched,  while  by  the  twelfth  day  the  deposition 
of  bone  in  the  bodies  of  the  vertebrae  commences.  Between 
the  eightieth  and  one  hundredth  hour  the  internal  differences 
in  the  sexes  appear,  the  testes  beginning  to  arise  on  the 
sixth  day. 

fifth  Day, — The  limbs  have  by  this  time  developed  so  as 
to  show  the  knee-  and  elbow-joints,  as  well  as  the  cartilages 
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which  precede  the  formation  of  the  bones  of  the  digits  and 
limbs.     The  primitive  skull  also  arises  from  the  mesoderm. 

Until  the  sixth  day  it  would  be  impossible  to  say  whether 
the  embryo  was  that  of  a  bird,  reptile,  or  mammal,  but  now 
the  characters  peculiar  to  birds  appear.     The  wings  and  legs 
manifest  their  bird-like  characters,  the  crop  and  intestinal 
coBca  are  indicated,  "  the  stomach  takes  the  form  of  a  giz- 
zard, and  the  nose  begins  to  develop  into  a  beak,  while  the 
incipient  bones  of  the  skull  arrange  themselves  after  the 
avian  type.  .  .  .  From  the  eleventh  day  onward,  the  embryo 
successively  puts  on  characters  which  are  not  only  avian, 
but  even  distinctive  of  the  genus,  species,  and   variety  " 
(Balfour)..    By  the  ninth  or  tenth  day  the  feathers  originate 
in  sacs  in  the  skin,  while  the  nails  and  scales  begin  to  ap- 
pear on  the  thirteenth  day,  and  at  this  time  the  various 
muscles  of  the  body  can  be  distinguished.     Development  is 
thus  seen  to  be  from  the  general  to  the  special,  from  the 
simple  to  the  complex  ;  the  trunk  is  first  indicated  ;   while 
the  peripheral  parts— 1.«.,  the  extremities,  the  digits,  the 
skin,  feathers  or  scales,  or  hair,  whatever  be  the  type  of 
Vertebrate— are  the  last  to  be  elaborated  ;  in  other  words, 
the  characters  of  the  branch,  class,  and  order  are  the  first 
to  be  evolved,  those  of  the  family,  genus,  and  species  the 
last. 

The  development  of  the  rabbit,  guinea-pig,  or  any  mam- 
mal, including  even  man,  follows  much  the  same  order  as 
in  the  chick,  there  being,  however,  a  well-marked  morula  ; 
the  differences  are  due  to  the  fact  that  the  embryo  mammal 

<f,  yolk-flkin ;  <f^  tON  of  the  yolk-dklii ;  «A.  eerons  membrane ;  n,  villi  of  the  •erons 
membraoe ;  eh^  chorion  (vaecnlar  layer  of  the  allantoiti);  eh»,  true  villi  of  the  chorion 
(mriiiing  from  the  projections  of  the  chorion  and  the  eac  of  the  MrouB  membrane); 
am,  amnion  ;  k»,  head-fold  of  the  amnion  ;  «#,  tail-fold  of  the  amnion  ;  oA.  cavity  of 
the  amnion ;  a«,  aheath  of  the  amnion  for  the  navel-otring  :  a,  the  first  beginning  of 
the  embryo  arising  from  a  thickening  of  the  outer  layer  of  the  blastoderm  a* :  m, 
thickening  forming  the  germ  in  the  middle  laver  of  the  blastoderm  (mO,  which  at  first 
only  reached  as  far  as  the  germinal  disk,  ana  afterward  forms  the  vascular  laver  of 
the  yolk-sac  {df)  which  connects  with  the  intestino-muscular  layer  (durmfaserolatt); 
«l,  nniut  temUnalit ;  dd,  intestino-glandnlar  layer  (darmdnisenblatt)  arising  out  of  a 
part  of  i,  the  inner  layer  of  the  blastoderm  (afterward  the  epithelium  of  the  yolk- 
Bic) ;  JtA,  cavity  of  the  blastoderm,  which  afterward  becomes  {ds)  the  cavity  of  the 
Tolk-«ac  ;  dg,  passage  way  of  the  yolk ;  al,  allantois ;  $,  embryo ;  r,  original  space 
between  the  amnion  and  chorion,  filled  with  albnminoos  fluid  ;  v/.  anterior  body-wall 
in  the  region  of  the  heart ;  AA,  cavity  of  the  heart  without  the  heart  itself.  In  Pigs. 
i  and  8,  tbe  amnion  ia,  for  the  sake  of  clearness,  represented  as  situated  too  far  away 
ftom  the  embryo ;  so  also  the  cavity  of  the  heart  is  drawn  too  small  and  the  embryo 
too  Imige,  sinoe«  except  in  Fig.  6,  they  are  only  drawn  diagranimatically.— Prom  Kol- 
]lk0r*s^*  Sntwickelnngsgeachichte  dee  Menschen  and  der  hoheren  Thiere,** 
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by  the  geological  snccession  of  the  representatiyes  of  the 
difEerent  claases,  as  without  much  doubt  lancelets  (or  at  least 
aoraniate,  boneless  forms)  were  the  first  Vertebrates  to  ap- 
pear, and  we  know  that  fishes  appeared  before  Amphibians, 
that  their  type  culminated  before  the  reptiles  held  full 
sway  in  Mesozoic  times,  and  that  birds,  after  them  mam- 
mals, and,  last  of  all,  man  appeared,  who  crowns  the  series 
of  vertebrate  forms. 

Metamarphosis.— While  many  animals  are  hatched  like 
the  chick  with  the  form  of  the  parent,  others  pass  through 
a  series  of  changes  of  form  called  metamorphoses ;  these 
changes  of  form  adapt  the  animal  to  changes  in  its  sur- 
roundings, involying  alterations  in  its  mode  of  life — slight  if 
the  change  of  body-form  is  slight,  thorough-going  and  radi- 
cal if  its  body  becomes  profoundly  modified.  As  an  exam- 
ple of  a  complete  metamorphosis  may  be  cited  the  life-his- 
tories of  the  jelly-fishes,  the  star-fish,  sea-urchins,  sea-cu- 
cumbers, the  marine-worms,  the  mollusks,  the  crustaceans, 
insects,  and  the  salamanders  and  toads  and  frogs,  already  de- 
scribed in  the  foregoing  pages.  If  the  student  will  read  and 
compare  these  different  accounts,  and  then  consider  the 
striking  differences  between  the  complicated  histories  of  cer- 
tain species,  compared  with  the  direct  mode  of  growth  of 
other  species  of  the  same  order  or  family,  or  even  of  the 
same  genus,  the  inquiry  will  arise,  What  is  the  purpose  or 
use  of  such  a  series  of  changes  ?  If  he  look  carefully  into 
the  embryological  changes  of  those  species  which  are  born 
or  hatched  with  the  form  of  the  adult,  he  will  see  that  their 
embryological  history  is,  in  point  of  fact,  a  condensed  sum- 
mary of  the  changes  undergone  after  hatching  by  their  co- 
species,  which,  to  gain  the  same  adult  form,  have  been  sub- 
jected by  nature  to  a  series  of  complicated,  and,  at  first 
sight,  superfluous  changes  of  form  and  environment. 

Most  shrimps  and  crabs  undergo  a  complicated  metamor- 
phosis ;  in  the  different  changes  of  forms  they  lead  different 
lives,  and  are  subjected  to  different  surroundings,  the  larvsd, 
for  the  most  part,  being  free-swimming  and  living  near  the 
surface  of  the  water,  while  the  parents  are  stationary.  The 
barnacle,  when  very  young,  swims  near  the  surface  of  the 
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of  which  lay  eggs,  while  the  redia  or  proscolex  of  the  same 
worm  produces  eercarim  by  internal  budding.  Here  also 
may  be  cited  the  cases  of  strobilation  of  the  Aurelia,  the 
tape-worm^  the  Nais,  Syllis,  and  Autolycus^  among  Anne- 
lids. Thus  among  Goelenterates  and  worms,  as  well  as  some 
Crustacea,  a  large  number  of  individuals  are  produced, 
not  from  eggs,  but  by  budding. 

Similar  occurrences  take  place  among  insects,  as  the 
Aphis  or  plant-louse^  in  which  a  virgin  Aphis  may  bring 
forth  in  one  season  nine  or  ten  generations  of  Aphides,  so 
that  one  Aphis  may  become  the  parent  of  millions  of 
young.  These  young  directly  develop  from  eggs  or  buds 
which  are  never  fertilized,  hence  the  term  parthenogenesis, 
or  virgin-reproduction,  sometimes  called  agamogenesis  (or 
birth  without  marriage).  The  bark-lice  as  well  as  the 
Aphides  develop  in  this  manner  during  the  warm  wea- 
ther ;  but  at  the  approach  of  cold  both  male  and  female 
Aphides  and  Coccidse  appear,  the  females  laying  fertilized 
eggs,  the  first  spring  brood  thus  being  produced  in  the 
normal,  usual  manner. 

Still  more  like  the  production  of  young  in  the  redia  of 
the  Trematode  worms  is  the  case  of  the  larva  of  a  small  gall- 
gnat  {Miastor)y  which  during  the  colder  part  of  the  year  from 
autumn  to  spring  produces  a  series  of  successive  generations 
of  larva  like  itself,  until  in  June  the  last  brood  develops 
into  sexually  mature  flies,  which  lay  fertilized  eggs. 

While  the  larval  Miaster  produces  young  like  itself,  the 
pupa  of  another  fly,  Chironamus,  also  lays  unfertilized  eggs. 

A  number  of  moths,  including  the  silk-worm  moth,  are 
known  to  lay  unfertilized  eggs  which  produce  caterpillars. 
Among  the  ffymenoptera,  the  currant  saw-fly,  certain  gall- 
flies, several  species  of  ants,  wasps  {PoUstes),  and  the  honey- 
bee, are  known  to  produce  fertile  young  from  unfertilized 
eggs  ;  in  the  case  of  the  ants  and  bees,  the  workers  lay  eggs 
which  result  in  the  production  of  males,  while  the  fertilized 
eggs  laid  by  the  female  ant  or  queen  bee  produce  females 
or  workers. 

Taking  all  these  cases  together,  parthenogenesis  is  seen  to 
be  due  to  budding,  or  cell-division,  or  multiplication.    Now, 
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ants  and  bees,  a  distinct  form  so  as  to  be  readily  recog- 
nixed  at  first  sight.  Among  the  Ccelenterates  and  worms 
the  forms  reproducing  by  parthenogenesis  are  usually  larval 
or  immature,  as  if  they  were  prematurely  hurried  into  ex« 
istenoe,  and  their  reproductive  organs  had  been  elaborated 
in  advance  of  other  systems  of  organs,  for  the  hasty,  sud- 
den production,  so  to  speak,  of  large  numbers  of  individu^ 
als  like  themselves. 

In  insects,  as  we  have  stated  elsewhere,*  dimorphism  is 
intimately  connected  with  agamic  reproduction.  Thus  the 
summer  wingless,  asexual  Aphis  and  the  perfect  winged 
autumnal  Aphis  may  be  called  dimorphic  forms.  The  per< 
feet  female  may  assume  two  forins,  so  much  so  as  to  be  mis* 
taken  for  two  distinct  species.  Thus,  an  oak  gall-fly  {Cy^ 
nips  quercuS'Spongifica)  occurs  in  male  and  female  broods  in 
the  spring,  while  the  autumnal  brood  of  females  were  de- 
scribed originally  as  a  separate  species  under  the  name  C. 
aeiculata^  Walsh  considered  the  two  sets  of  females  as  di- 
morphic forms,  and  that  Cynips  aciculata  lays  eggs  which 
produce  C,  quercua  spongifica.  Among  butterflies,  dimor- 
phism occurs.  Papilio  rnemnon  has  two  kinds  of  females, 
one  being  tailless,  like  the  tailless  male,  while  Papilio  Fam- 
man  is  polymorphic,  there  being  three  kinds  of  females  be- 
sides the  male. 

There  are  also  four  forms  of  Papilio  Ajax,  the  three 
others  being  originally  described  as  distinct  species  under 
the  name  of  P.  MarcelluSy  P.  Telamonides,  and  P.  WalsMi. 
Our  Papilio  glaucus  is  now  known  to  be  a  dark,  dimorphic, 
climatic  form  of  the  common  Papilio  Turnus.  There  are 
dimorphic  males  among  certain  beetles,  as  in  the  Oolofa 
hasiaia  Dejean,  of  Mexico,  in  which  one  set  of  males  are 
large  and  have  a  very  large  erect  horn  on  the  prothorax, 
and  in  the  other  the  body  is  much  smaller,  with  a  very 
short  conical  horn. 

Temperature  is  also  associated  with  the  production  of 
polymorphic  forms  in  the  temperate  regions  of  the  earth, 
as  seen  in  certain  butterflies,  southern  forms  being  varieties 

*  Guide  to  the  Study  of  losects,  aixth  edition,  p.  5!}. 
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of  free  motion  and  of  maintaining  an  independent  existence. 
So  with  many  other  Ccelenterates  and  with  the  tapeworm, 
whose  proglottides  or  segments  are  finally  capable  of  sepa- 
rate existence.  Among  the  higher  invertebrates,  even  the 
different  members  of  a  colony  of  white  or  true  ants  lack  a 
certain  amount  of  individuality,  the  workers  performing 
labors  upon  which  the  maintenance  of  the  very  existence  of 
the  colony  depends,  so  that  there  are  different  grades  of  in- 
dividuality, from  examples  like  the  Hydrdctinia  and  the 
Siphonophores  up  to  those  insects  which  live  socially  ;  and 
we  see  that  the  most  perfect  individuality  exists  in  those 
animals  which  can  most  efficiently  provide  for  their  own 
sustenance  and  for  the  continuance  of  their  species. 

Hybridity.— It  is  rare  that  two  species,  even  of  the  same 
genus,  can  produce  offspring ;  when  such  cases  occur,  the 
result  is  called  a  hybrid.  For  example,  the  mule  is  a  hybrid, 
being  bred  from  a  female  horse  and  an  ass  ;  but  the  mule 
is  not  fertile,  and  hybrids  are  very  rarely  fertile.  The  In- 
dian dog  and  coyote  are  said  by  Coues  to  interbreed,  and 
on  the  Upper  Missouri  we  have  seen  dogs  which  had  every 
appearance  of  being  such  hybrids.  Dogs  also  cross  with  the 
fox  (Darwin).  The  American  bison  is  known  to  breed  with 
the  domestic  cattle,  and  it  seems  to  be  a  well-established 
fact  that  the  hybrids  are  fertile.     Fish  readily  hybridize. 

Darwin  states  that  he  knows  of  no  thoroughly  well-au- 
thenticated cases  of  perfectly  fertile  hybrid  animals,  though 
he  adds,  "  I  have  reason  to  believe  that  the  hybrids  from 
Cervulus  vaginalis  and  Reevesii  and  from  Phasianus  col- 
cAictis  with  P.  torquatus  are  perfectly  fertile."  The  hare 
and  rabbit  are  supposed  to  have  fertile  offspring ;  the  hy- 
brids of  the  common  and  Chinese  geese  {Anser  cygnoides) 
are  fertile.  The  crossed  offspring  from  the  Indian  humped 
and  common  cattle  interbreed.  Gaton  has  hybridized  the 
Virginia  deer  with  the  Ceyloti  deer  and  the  Acapulco  deer  ; 
"  the  hybrids  seem  perfectly  healthy  and  prolific."  Among 
insects  over  100  cases  of  hybridity  have  occurred.  Hybrids 
between  the  brown  and  polar  bear,  the  leopard  and  jaguar, 
Equus  onager  and  E.  hemippus,  E.  hurchelli  with  the  com- 
mon horse,  and  with  the  common  ass  and  E.  hemionus ; 
have  been  raieed. 
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tfk  friig  from  lowluids  to  highlaBds,  or  fmm  J 
tA  |fcur\K,  the  a.^'it:^pTK!ritfH  of  aidiiiala  Trill  h*-"  fount]  ^ 
tm  Aarngt  in  a  oorrespMiding  ratio.  And  as  there  are  no 
definite  limits  to  any  large  area  of  the  earth's  sorfsoe,  the 
phTsieal  lealnres  of  one  area  merging  insensibly,  as  a  rule, 
into  adj<Hning  districts,  so  adjoining  faunae  merge  into  one 
anod^r,  and  a  certain  proportion  of  the  species  may  range 
Ihrongfa  tvo  or  m<M«  faunad  areas. 

There  are  in  nature  causes  tending  to  restrain  <iTiiff|Alg 
within  their  fiunal  limits,  and  others  tending  to  diffuse 
them,  or  to  cause  them  to  migrate  from  their  specific  cen- 
tres or  centres  of  creation — ^namely,  the  point  where  the  in- 
diriduals  of  a  qiecies  are  most  abundant,  and  where,  ac- 
cordingly, they  are  supposed  to  have  originated. 

Barriers  to  the  Spread  of  Animals  fh>m  their  Speoiilo 
Oentrea.— Among  the  most  important  are  the  oceans  and 
their  basins.  The  animals  of  J;he  opposite  sides  of  the  Pa> 
cific  Ocean  are  entirely  unlike,  no  species  being  common  to 
the  two  sides  ;  while,  of  the  immense  numbers  of  aninuli 
peopling  the  coast  of  Brazil  and  the  opposite  coast  of  Af- 
rica, only  two  or  three  are  known  to  be  identical.  Differ- 
ence in  climate  is  also  a  great  barrier,  the  fu^imals  of  the 
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tropics,  as  a  whole,  being  tinlike  those  of  the  temperate 
tones  ;  while  arctic  and  antarctic  animals  have  features  in 
common.  Mountains  serve  as  most  important  barriers,  re- 
straining animals  within  their  limits  ;  thus  the  basins  be- 
tween or  surrounded  by  continuous  ranges  of  mountains 
harbor  faunae  differing  from  those  on  the  opposite  sides  of 
the  mountains.  For  example,  the  majority  of  the  animals 
of  the  Great  Basin  between  the  Bocky  Mountains  and  the 
Sierra  Nevada  differ  from  those  of  the  Pacific  slope  or  the 
prairie  lands  lying  east  of  the  Socky  Mountains,  as  the 
meteorological  and  geological  features  are  different.  The 
Cordilleras  of  South  America  form  a  barrier  to  the  diffusion 
westward  of  Brazilian  animals.  Still  this  fact  is  not  to  be 
taken  too  literally,  as  the  mountains  are  divided  by  valleys 
and  rivers,  which  afford  means  of  communication  and  an 
interchange  of  specific  forms ;  thus  certain  species  of  ani- 
mals of  the  Rocky  Mountain  plateau  occur  on  each  side  of 
the  range,  as  do  those  in  the  Alleghany  district  of  the  At- 
lantic coast.  In  the  West  Indian  and  especially  the  Hawa- 
iian Islands,  where  the  species  of  land  snails  are  very  numer- 
ous, certain  forms  are  restricted  to  the  deep  narrow  valleys, 
being  confined  to  very  restricted  areas.  So  also  the  cold 
Alpine  summits  of  the  White  Mountains  of  New  Hamp- 
shire, of  the  Rocky  Mountains,  of  the  Alps  and  Scandina- 
vian mountains  harbor  a  few  species  either  peculiar  to  those 
extremely  limited  tracts  or  found  northward  in  the  Arctic 
regions. 

Deserts  may  act  much  as  inland  seas  to  separate  the  ani- 
mals of  the  adjoining  more  fertile  tracts,  and  they  afford 
dwelling-places  for  animals  which  are  incapable  of  living 
elsewhere.  Desert  faunae  have  a  general  fades  the  world 
over,  though  the  original  elements  out  of  which  the  faunae 
have  been  made  up  may  radically  differ. 

The  distribution  of  plants  also  has  much  to  do  vrith  that 
of  those  animals  which  are  dependent  on  them  for  food ; 
as  a  rule,  the  distribution  of  both  plants  and  animals  de^ 
pends  on  the  same  physical  causes. 

Large  rivers  sometimes  act  as  barriers,  but  more  often, 
perhaps,  aid  in  the  diffusion  of  the  smaller  forms,  such  as 
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lometimes  for  hundreds  of  miles,  and  in  this  apparently 
haphazard  way  islands  are,  in  part  at  least,  supplied  with 
tiieir  quota  of  animal  life. 

Great  rivers,  like  the  Missouri,  Mississippi,  and  the  Ama- 
sons,  afford  means  of  transportation  from  one  part  of  a  con- 
tinent to  another,  from  the  interior  to  the  seaboard,  of 
which  many  fishes,  insects,  and  especially  fluriatile  moUusks, 
avail  themselves.  Artificial  means  of  crossing  broad  rivers 
are  offered,  to  insects  especially,  by  country-roads  and  bridges 
and  railroad  bridges,  of  which  the  potato-beetle  and  the 
cabbage-butterfly  have  fully  availed  themselves.  The  Colo- 
rado beetle  has  advanced  steadily  eastward,  suddenly  ap- 
pearing in  isolated  points  in  New  England,  having  appar- 
ently been  transported  by  through  grain-cars  from  Chicago, 
and  has  been  carried  to  Europe  in  vessels.  The  European 
cabbage-butterfly  introduced  into  Quebec  spread  southward 
into  Maine  along  the  Grand  Trunk  Bailroad,  into  New 
York  along  the  railroads  from  Montreal  to  New  York,  and 
then  along  the  railroads  to  Washington. 

(Geological  changes,  such  as  the  rise  and  submergence  of 
the  edges  of  continents,  and  also  the  incoming  and  wane  of 
the  glacial  period,  were  still  more  general  and  fundamental 
means  of  the  dispersal  and  rearrangement  of  faunsa. 

Division  of  the  Earth  into  Faun®.— When  we  go  from 
Maine  to  California  we  shall  find  that  the  faunistic  features 
of  the  country  radically  change  three  times.  Leaving  the 
moist,  temperate,  forest-clad  Atlantic  region  with  its  char- 
acteristic animals,  and  entering  on  the  broad,  treeless,  dry, 
elevated  plateau  of  the  Rocky  Mountains,  we  shall  notice 
that  the  Atlantic  fauna  has  been  replaced  almost  wholly  by 
a  new  and  strange  assemblage  ;  and  when  we  descend  the 
Pacific  slope  of  the  Sierra  Nevada,  there  will  be  found  to 
be  a  second  replacement,  though  much  less  marked  than 
the  first.  Again,  when  we  pass  from  Jjabrador  to  the  Isthmus 
of  Panama,  we  shall  find  several  distinct  faunae,  from  an 
arctic  one  to  a  purely  tropical  one.  If  we  pause  at  Wash- 
ington and  analyze  the  fauna  of  that  point,  we  shall  see 
that  it  is  made  up  mainly  of  animals  common  to  the  Middle 
Atlantic  States,  with  an  infusion  of  northern  and  southern 
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On  inquiring  into  the  origin  of  tho  North  American 
fauna,  in  the  light  of  the  geological  history  of  the  conti- 
nenty  we  shall  find,  first,  that  immediately  preceding  tho 
glaoikl  period,  Arctic  America  was  peopled  by  a  flora  and 
&una  of  which  the  larger  proportion  of  the  animals  of  the 
continent  north  of  latitude  30^  are  probably  the  descend- 
ants ;  and,  second,  that  a  number  of  species  migrated  north- 
ward from  the  South  American  Continent.  Now,  when 
the  glacial  period  came  in,  the  semi-tropical  and  warm  tem- 
perate animals  of  the  northern  two-thirds  of  the  continent 
were  mostly  swept  out  of  existence  ;  a  scanty  arctic  fauna 
took  their  place  ;  as  the  ice  melted  and  retreated  to  its  pres- 
ent limits,  the  present  assemblage  of  temperate  animals, 
mostly  modified  descendants  of  those  originally  driven  south, 
migrated  back  again  and  colonized  the  region  laid  compara-. 
tively  bare  by  the  ice  and  cold  of  the  glacial  period.  This 
is  an  illustration  of  the  sweeping  extinctions,  recolonizations, 
and  extended  migrations  of  animals  on  our  continent  in 
former  times,  by  which  tho  existing  relations  of  faunas  have 
been  brought  about.  Parallel  events  have  occurred  on  the 
Europeo- Asiatic  Continent,  and  thus  geological  extinctions 
and  widespread  migrations  and  recolonizations  have  taken 
place  ;  and  it  is  only  in  this  way  that  the  existing  relations 
in  the  geographical  distribution  of  animals  as  well  as  plants 
can  be  accounted  for. 

It  should  also  bo  observed  that  in  tho  beginning  of 
things  the  continents  were  built  up  from  north  to  south — 
such  has  been  at  least  tho  history  of  tho  North  and  South 
American  and  tho  Europeo-Asiatic  and  African  Conti- 
nents ;  and  thus  it  would  appear  that  north  of  the  equator, 
at  least,  animals  slowly  migrated  southward,  keeping  pace, 
as  it  were,  with  the  growth  and  southward  extension  of  tho 
grand  land  masses  which  appeared  above  tho  sea  in  the  Pa- 
leozoic Ages.  Hence,  scanty  as  is  the  arctic  and  temperate 
regions  of  the  earth  at  the  present  time,  in  former  ages  these 
regions  were  as  prolific  in  life  as  tho  tropics  now  are,  the 
latter  regions,  now  so  vast,  having  all  through  the  Tertiary 
and  Quaternary  ages  been  undisturbed  by  great  geological 
revolutions,  and  meanwhile  been  colonized  by  emigrants 
driven  down  by  the  incoming  cold  of  tho  f2;lacial  period. 
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Acidian  fauna  and  a  few  in  the  Virginian  fanna,  as  the 
Labrador  or  polar  current  passes  down  along  the  coast, 
bsthing  the  New  England  coast  north  of  Cape  God,  and 
eren  extending  under  the  warm  surface-water  as  far  as  New 
Jeney.  On  the  other  hand,  the  great  Tolume  of  heated 
tropical  water  forming  the  Qulf  Stream  issuing  from  the 
Straits  of  Florida  makes  its  influence  most  sensibly  felt  as 
far  as  Cape  Hatteras,  and  in  a  diminished  degree  to  Cape 
Oody  and  even  southern  shells,  etc.,  are  found  as  outliers  of 
more  southern  faunae  near  Portland,  Me.,  and  Nova  Scotia. 

As  we  descend  from  the  shore  into  deep  water,  the  tem- 
perature becomes  lower  and  lower  the  deeper  we  go,  until 
we  come  to  a  stratum  or  zone  of  water  about  32^-36^  Fahr., 
where  circumpolar  or  arctic  life  alone  abounds.  Wherever 
deep  abysses  oft  the  coast  or  at  the  bottom  of  bays  or  gulfs 
occur,  the  water  is  found  to  be  colder  than  elsewhere  ;  just 
as  when  we  ascend  a  mountain  the  air  becomes  colder,  un- 
til at  the  Alpine  summits  we  And  an  arctic  temperature 
and  fauna  ;  thus,  in  the  sea,  increase  of  depth  is  paralleled 
by  increase  of  height  on  land. 

Usually,  o3  the  coast  of  the  United  States,  north  of  New 
York,  there  is  a  distinct  zone  of  life  between  high  and  low 
water,  a  second  extending  to  the  depth  of  about  fifty  fathoms, 
and  a  third  to  one  hundred  fathoms  or  over.  At  a  depth  of 
from  one  or  two  hundred  fathoms  in  the  Northern  Atlantic, 
and  from  five  hundred  to  one  thousand  fathoms  in  the  sub- 
tropical and  tropical  seas,  down  to  the  deepest  parts  of  the 
ocean,  now  known  in  a  few  points  to  be  about  five  miles  in 
depth,  the  water  is  about  32^  Fahr.  and  the  animal  life  is 
polar  in  its  nature.  The  water  of  the  ocean  all  over  the 
globe,  as  shown  by  the  results  of  the  "  Challenger"  and 
other  expeditions  for  the  exploration  of  the  sea  at  great 
depths,  everywhere  below  a  depth  of  one  thousand  fathoms, 
is  of  an  arctic  temperature,  overlaid  by  the  lieated  water  of 
the  tropics.  The  abysses  or  deeper  parts  of  the  ocean-bed 
support  a  nearly  uniform  assemblage  of  life,  which  may  be 
called  the  deep-sea  or  abyssal  fauna.  The  animals  largely 
consist  of  Echinoderms,  notably  Crinoids,  with  CcBlenterates, 
moUusks,  worms,  and  Crustacea,  and  it  is  an  interesting  fact 


L  r«     »-".^  ! 


nre*,  ^TX,  : 


-w  -.1  -.  _--^  ^-;r.  :i<.  v:i^  : 


V    ^    ■  V      •^.—     315     V  , 


:v:LC-r,  vii.  : 


QBOOBAPmUAL  DISTRIBUTION.  667 

%  Indian  Kgion,  with  two  pioyinoee,  viz. ; 

a,  CoDtinentaL 
6.  Insular. 

V.  Sonth  American  Temperate  realm,  with  two  provinces,  vis. : 

a,  Andean. 
h.  Pampean. 

VL  Aastralian  realm,  with  three  regions,  vis. : 

1.  Aastralian,  with  two  provinces,  via. : 

a.  Aastralian. 
d.  Papaan« 

2.  Poljnesian. 
8.  New  Zealand. 

VII.  Lemarian  realm,  andivided. 

VIII.  Antarctic  or  South  Clrcumpolar,  andivided. 

Migrations  of  Animals. — ^Intimately  connected  with  zoogeog- 
raphy are  the  migrations  of  animals,  especially  birds.  Nearly  all  the 
birds  of  the  Uniled  Btates  which  breed  m  the  central  and  northern 
portions  pass  southward  in  the  autumn,  and  winter  in  the  Southern 
States  or  in  Central  America  and  the  West  Indies.  Most  of  the  birds 
which  breed  in  Northern  and  Central  Europe  fly  at  the  approach  of 
cold  weather  into  Southern  Europe  or  across  the  Mediterranean  into 
Northern  Africa.  The  causes  of  this  regular  periodical  migration  are 
probably  due,  primarily,  to  the  changes  of  the  seasons  and  to  the  want 
of  food  in  the  ccdder  portion  of  the  year,  and,  secondarily,  to  the 
breeding  habits  of  birds. 

The  periodical  migrations  of  fishes  from  deep  to  shoal  water  are 
connected  with  their  breeding  habits,  the  marine  fish  being  in  most 
cases  compelled  to  spawn  in  rivers  or  in  shoal-water.  The  migratory 
movements  of  fishes  along  the  coast  are  probably  connected  with  the 
presence  or  absence  of  their  accustomed  food. 

The  partial,  occasional  migrations  of  locusts  depend  on  the  undue 
increase  in  the  numbers  of  the  insects,  and  the  consequent  lack  of 
food,  while  the  direction  of  the  swarms  is  largely  dependent  on  the 
general  course  and  force  of  the  winds. 


CHAPTER  XIL 

GaOLOGtCAL  :^UCGBS8IOX  OF  ANIMALS. 

f  wntkE,  from  Ibe  Silimim  to  the 
It  tff^  eootftin  the  foml  mtnaiiis  of  aai- 
in  line  begiimin^  the  .inimiiU  irere, 
nov  liring,  th»  '  m- 

»EkB  tlioee  DOW  C0ii^>  h's 

The  dldat  att  of  animals  the  I:')i^flK»Z4itc^  comprised 
^  netriralt  the  brmnehee  of  intertebniieSy  with  a 
A  large  propmtion  af  these  atiifnah  belonged 
wUkm  to  iiiiiple  or  to  what  are  ealled  gwmraliztd  trpes^ 
weie  as  tfieeiaHxed  ad  any  iiiTertebratei  now 
tinag.  Progresi  upward  has  inrolrecl  th^  disappearance  o( 
moeiof  Ihe  geoenilized  trpes,  and  their  rephu^i^titerit  hr  mote 
or  lees  highly  specialised  types.  ThoA  the  earliest  corals  were 
Dkoetly  of  the  Rngoee  type,  which  were  f»ie(»»eded  by  the 
mote  oomplieatod  recent  forms  ;  the  Braehtopodjs  or  shelled 
w«maa  were  replaced  by  mollasks  ;  the  generalised  trilobitei 
gave  way  to  the  geauine  specializ^^d  shrtmpe  and  crabs  ;  the 
existing  generalized  king-crab^  with  its  affinities  to  spiders, 
has  surrived  a  number  of  still  more  generalised  or  synthetic 
allies.  The  generalized  sharks  and  ganoids  aboanded  at  a 
time  when  thei-e  were  no  bony  fishes  like  the  cod  and  her- 
ring. Nearly  nine  thousand  species  of  bony  fishes  hare 
appeared  since  the  extinction  of  the  earlier  types  of  cartila- 
ginous and  mail-clad  fishes.  Tho  highly  sjiecinlli^d  horse 
was  prectnled  by  a  number  of  more  ^onoralized  species  and 
genera,  the  oldt'st  of  which  approuchud  tho  tapir*  one  of  the 
most  general  issed  of  mammals.  The  snccession  of  forms 
leading  up  to  Ihc  liorso  is  pamUclcd  by  the  snooession  of 
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sea-urchins  and  of  ammonites,  the  older  being  of  simpler, 
more  generalized  forms,  and  the  later  with  a  greater 
specialization  or  elaboration  of  the  different,  especially  ex- 
ternal, hard  parts  of  the  body. 

When  we  ascend  to  the  Amphibians,  the  reptiles  and  the 
mammals,  we  shall  find  that  there  has  been  an  elaboration 
or  working  out  into  great  detail,  of  the  parts  most  used  by 
the  animal,  this  differentiation  being  more  and  more  marked 
as  we  approach  the  present  time  ;  and  this  has  been  in  ac- 
cord with  the  building  up  of  the  continental  masses,  and 
the  differentiation  or  specialization  of  the  surface  of  the 
different  continents  into  plains,  plateaus,  highlands,  and 
mountain  ranges,  with  their  different  climatic  features, 
and  the  dividing  up  of  the  waters  into  mediterranean 
seas,  friths,  fiords,  rivers,  and  lakes.  Thus  the  extinction 
of  successive  faunae  all  over  the  globe  has  been  followed  by 
the  appearance  of  new  sets  of  animals,  each  assemblage  be- 
ing adapted  to  the  new  and  improved  condition  of  things. 

Having  seen  that  the  earlier  forms  of  life  were  of  a  sim- 
pler form,  though  often  combining  the  features  of  diverse 
classes  and  orders  of  animals  which  appeared  afterward,  so 
tliat  Agassiz  called  them,  in  some  cases,  prophetic  types, 
combining  as  they  did  characters  which  have  been  trauE* 
mitted  to  two  or  more  later  groups,  and  these  specially  elab* 
orated,  so  that  such  generalized  or  prophetic  types  serve  as 
points  of  departure  from  which  several  series  of  forms  have 
arisen — having  traced  the  law  or  principle  underlying  the 
geological  succession  of  animals,  we  may  inquire  whether 
this  has  been  paralleled  by  the  development  of  any  one  of 
the  members  of  a  group.  That  this  is  the  case  has  been 
proved  by  Hyatt,  who  shows  that  the  development  of  the 
individual  Ammonite  is  paralleled  by  that  of  the  geological 
succession  of  the  members  of  the  order  to  which  it  belongs. 
Stalked  Crinoidswere  the  style  in  Palaeozoic  ages,  while  free 
Crinoids  are  more  abundant  at  the  present  day  ;  and  we 
have  seen  that  in  the  individual  development  of  the  existing 
Antedon,  the  young  is  stalked  at  first,  afterward  becoming 
free.  The  young,  bony  fish  has  at  first  a  cartilaginous 
skeleton  and  a  heteroccrcal  tail,  these  being  characteristics 
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ot  early  fishes.  The  earlier  Batrachians  were  tailed^  the 
tailless  toads  and  frogs  in  general  appearing  lafit,  as  Um 

tadpole  proccdea  the  frog  condition. 

Extinction  of  Species,— The  luws  governing  the  ertinction 
of  animals  are  obscure,  but  we  know  that  geological  extmc- 
tions  nmst  have  been  duo  to  mitural  causes,  since  the  earth 
l»as  at  different  {>eriod8  evidently  undergone  great  changps, 
sufficient  to  account  for  the  deiith  of  such  species  as 
unable  to  withstand  theoscilhitions  and  changes  of  cli 
1  n  Pala&ozoic  times  existed  multitudes  of  animals  which,  jodg- 
ing  by  their  descendants  of  later  times,  belanged  to  old-fash- 
ioned, obsolete,  useless  types.  They  cnmbered  the  grocind, 
and  were  destroyed  by  the  beneficent  action  of  unerring  natn> 
ral  laws  promoting  the  decay  and  extinction  of  antiquated 
forms,  and  the  recreation,  by  the  laws  of  transmission  with 
modification,  of  new,  improved  ty]K>s,  useful  in  their  day  atid 
generation  as  stepping-stones  to  a  still  higher,  more  improvinl 
stock.  That  the  extinction  was  due  to  caases  acting  pri- 
marily from  without,  and  secondarily  from  within  by  trans* 
mission  force,  seems  demonstrated  when  we  take  into  ac- 
count the  flestrnction  of  life  which  we  know  took  place 
during  and  at  the  close  of  the  Glacial  Period,  when  the 
earth  was  swept  with  glaciers,  and  afterward  ^niishetl 
with  tlie  vegetation  and  fresh  life  of  the  po-^     '  i -a, 

and  niaclo  ready  for  the  abode  of  man*     Thir-^  tif 

speciea  by  the  action  of  laws  that  wo  can  comprehend  in- 
volves the  recreation  of  new  and  improved  animal  forms  by 
laws  that  we  can  at  least  in  part,  if  not  fully,  understand* 


CHAPTER  XIII. 

THE  ORIGIN  OF  SPECIES. 

The  extinction  of  species  was  in  some  cases  gradual,  in 
others  sudden,  so  in  all  probability  as  different  assemblages 
of  life  became  slowly  extinct  new  forms  as  slowly  originated 
from  them  by  genetic  descent  and  took  their  places.  While 
here  and  there  certain  species,  under  favorable  circumstances^ 
suddenly  appeared,  if  we  could  have  been  there  to  look  on, 
it  would  perhaps  have  been  as  difficult  to  have  observed  the 
process  as  it  is  at  the  present  day  to  observe  the  changes 
going  on  in  the  relation  of  existing  faunae.  We  know, 
however,  that  changes  are  going  on  in  the  world  of  life  about 
us,  that  the  balance  of  nature  is  being  disturbed. 

The  nature  of  the  evidence  tending  to  prove  that  species 
have  originated  through  the  agency  of  physical  and  biologi- 
cal laws  is  mainly  circumstantial,  there  being  comparatively 
few  facts  in  demonstration  of  the  theory,  the  direct  act  of 
transformation  of  one  species  into  another  under  the  eye  of 
scientific  experts  having  never  been  observed. 

Reasoning  d  priori,  we  assume  that  organisms,  both 
plant  and  animal,  have  been  created  by  development  from 
pi-e-existent  forms  because  it  agrees  with  the  general  course 
of  nature.  All  the  events-  in  geology,  as  in  i>hysics  and  as- 
tronomy, being  due  to  the  operation  of  natural  laws,  it  is 
reasonably  supposed  that  the  production  of  all  the  species 
of  plants  and  animals  from  original  simple  forms,  like  the 
Monera  or  bacteria,  have  been  the  result  of  the  action  of 
natural  law.  The  study  of  the  early  forms  of  life  found  in 
the  Palaeozoic  strata  ;  the  laws  of  the  succession  of  types  ;  the 
correlation  existing  between  the  development  of  the  indi- 
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vidual  and  of  the  members  of  the  claas  to  whieli  it  belongs; 
the  parallelism  between  the  formation  and  differentiation 
of  the  land -masses  of  the  globe  and  the  enccesaiv'e  extinc* 
tiuns  and  creations  of  plants  and  animals — ^all  these  facts, 
notwithstanding  the  imperfections  of  the  c;eo]ogical  record, 
and  the  fact  that  many  of  the  older  forms  of  animaU  were 
nearly  as  mnch  specialized  as  those  now  living  ;  tend  strongly 
to  prove  that,  on  the  whole,  the  world  as  it  now  exists  haa 
been  the  result  of  progressive  development,  one  form  com*     _ 
ing  genetically  from  another  ;  tlie  animal  and  plant  worldi^H 
constitu ting  two  gyst^^ms  of  blood  relations,  rather  tlian  se^™ 
of  independent  creations. 

When  to  more  sj>ccial  studies  of  those  species  which  live 
in  extraordinary  environments,  sneh  as  cave-animals,  para- 
sitic animals,  brine-inhabiting  animaU,  Alpine  forms  and 
cerbiin  deep-sea  species,  we  add  the  stndy  of  rudimentarr 
organs  in  adult  animals,  of  temporary,  deciduous  organs  in 
young  or  larval  animals  ;  when  we  compare  the  nietamoi> 
phoses  of  some  species  congeneric  with  others  which  undergo 
no  transformations  ;  when  we  study  the  delicate  balanoe  ia 
nature  as  observed  in  the  geograjOucal  distribution  of  ani- 
mals ;  the  harmony  in  nature  between  species  and  their  en* 
vironment ;  protective  coloration  and  resemblance  in  form, 
the  relations  between  carnivorous  and  herbivorous  creatares« 
the  struggle  for  existence  between  animals,  we  are  forced  ^ 
to  acknowledge  that  the  operations  of  nature,  as  a  whola^^f 
tend^  on  the  one  hand,  to  the  origination  of  new  forin^l 
and  the  preservation  of  those  which  are  useful  or,  in  other 
words,  arc  in  liarniony  with  their  surroundings  ;  and,  onUi« 
other  hand,  to  the  destruction  of  those  which  are  inca{iaci- 
tated  by  changes  in  their  environment  for  existence  in  what 
has  been  and  now  is  a  constantly  changing,  progreflaiTO 
world. 

Again,  reasoning  by  induction,  as  an  actual  fact  we  know 
that  si>ecie8  vary  ;  that  hardly  any  two  experts  agree  exactlf 
as  to  the  limitation  of  species  ;^  that  varieties  tend  to  break 

•  As  one  of  muny  ex£imp!es.  we  mav  cite  the  fact  that  tlf  tT'iiinp  doid* 
laal  species  of  the  sttuirrefs  hiive  been  described  as  inhahtdog  tiO|ikal 
America,  but  lately  the  number  has  been  reduced  to  tweWc. 
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np  into  races,  and  that  no  two  individuals  of  a  race  are  ex- 
actly alike.  Where  the  climate  and  soil  remain  the  same, 
the  species  tends  to  remain  fixed  and  stable  ;  remove  the 
stability  in  the  environment,  or  subject  the  individuals  of  a 
species  to  changes  of  soil  and  temperature,  and  expose  it 
more  than  usual  to  the  attacks  of  its  natural  enemies,  it 
then  begins  to  undergo  a  change.  This  is  seen  in  those  in- 
dividuals of  a  species  which  live  on  the  borders  of  lowlands 
and  highlands,  of  deserts  and  fertile  tracts,  of  salt  and 
brackish  water,  of  shallow  and  deep  water,  and  of  polar  and 
temperate  zones,  or  to  the  influence  of  alternating  cold  and 
warm  weather.  When,  as  in  some  cases,  climatic  or  other 
agencies  suddenly  change,  we  may  have  species  and  even 
genera  suddenly  appearing,  as  is  known  to  be  the  case  in 
the  change  of  one  genus  to  another  of  brine  shrimps  when 
the  water  changes  from  brackish  to  a  brine,  as  worked  out 
by  Schmankevitch  in  Russia. 

The  struggle  for  existence  resulting  in  the  survival  of  the 
fittest  is  a  fact  now  generally  observed.  The  cod  may  de- 
posit several  millions  of  eggs,  but  of  this  immense  number 
only  one  or  a  few  pair  of  adults  survive  ;  there  are  probably 
no  more  codfish  now  than  two  centuries  since — indeed,  not 
as  many  ;  the  eggs  are  devoured  by  different  animals,  the 
young  fish,  as  soon  as  hatched,  form  the  food  of  larger  fish, 
half -grown  cod  serve  to  supply  the  wants  of  larger  animals, 
until  finally  the  survivors  may  be  to  the  original  number  of 
eggs  as  one  to  a  million.  The  queen  bee  may,  during  her 
whole  life,  lay  more  than  a  million  of  eggs,  the  queen 
white  ant  may  lay  eighty  thousand  eggs  a  day,  an  Aphis 
may  be  the  mother  of  a  hundred  young,  those  hundred  may 
each  produce  their  centesimal  offspring  until  the  result  in  one 
season,  at  the  end  of  the  tenth  generation,  amounts  to  a 
quintillion  of  plant-lice  ;  but  most  of  these  insects  serve  as 
food  for  other  species,  many  die  of  disease  and  cold,  until 
at  the  end  of  the  season  only  one  or  several  pairs  survive  to 
lay  a  few  eggs,  which  represent  the  species  in  the  winter-time. 

Ijastly,  the  variation  in  domestic  animals,  the  result  of 
the  subjection  of  the  species  to  influences  not  felt  in  what 
we  call  a  state  of  nature,  is  an  indication  that  animals  not 
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to  iMimii  interfeTencc  nuiT  tutt  wben  Aalijected  to 
I  m  tlmr  oiTiiDiiiiieti  t  AIbo  the  faci  tbat  niftii  »&,  hj 
tsdtismf  liieed  i«oe@  of  borKs  adapted  for  di'sngtit, 
ifgjcd,  or  the  unmI  ;  mc^s  a£  eaw^i  lor  diflereiit  qtmlitiei  af 
tnilk ;  beefm  for  meat ;  jwam  of  ebeep  for  pm-eciiiiieiioe  m 
the  ^nKtf  of  IheiF  wool  or  muttini^  or  noee  of  dof «§  or 
pottltiT  for  besntjf  msefuln^i,  or  otlugr  qumlilj^  ;  the  Uici 
tikftt  gettlleoaai^  and  geiienUj  good  mental  qualities,  can  be 
made  to  replace  TiciooigQesi  m  hmmBf  cattle^  dogs — ^all  thase 
and  maDT  other  facte,  in  the  art  of  fafieeding  aniinalg  known 
fta  fuBci^^  indk&te  that  nmtnre  \ms^  through  the  pa^t  ages, 
1p^  tte  operation  of  niUural  lawi^  erolred  raeeg  and  dpedai 
of  animals  which  have  followed  eon^tantlj  improriti^  Itofli 
of  deTdopmeiil,  the  outcome  of  which  are  creatnres  the  be§t 
fitted  to  wttMsad  the  straggle  for  exiateDce,  the  most  qik^ 
fid  in  the  Bcheme  uf  nature,  and  the  most  in  hannonj  with 
the  world  aboitl  thetn,  Prograi^  ott  the  whole,  therefore, 
hm  be^n  heaefomt.  the  best  proof  of  which  is  the  k^ 
prodnct  of  evolntion,  man,  the  paragon  of  creation. 


CH  AFTER  XIV. 

PROTECTIVE  RESEMBLANCE. 

Closibly  related  to  the  foregoing  subjects  is  the  protective 
resemblance  or  *•  mimicry"  of  natural  objects  by  which  spe- 
cies of  animals  are  preserved  from  extinction.  Animals  may 
''  mimic''  or  imitate,  or  be  assimilated  in  shape  or  in  color 
to  natural  objects,  as  stones,  lichens,  dry  bushes,  the  bark 
of  trees,  or  portions  of  leaves,  or  entire  leaves,  fresh  or 
dried,  and  their  stems,  or  so  closely  imitate  other  animals 
which  enjoy  an  immunity  from  attack  as  to  escape  notice 
or  attacks  from  their  enemies,  and  thus  prolong  their  own 
lives  and  that  of  their  species. 

The  animal  is,  as  a  rule,  unconscious  that  it  is  thus  pro- 
tected ;  though  there  are  examples,  as  in  the  case  of  the 
trap-door  and  other  spiders,  which  cover  their  holes  in  such 
a  way  to  avoid  notice  that  it  would  appear  as  if  they  were 
semi-conscious  or  awara  of  what  they  were  doing. 

In  the  first  place,  we  know  that  animals  may  be  deceived, 
as  is  proved  by  the  various  subterfuges  employed  by  hunters 
in  tolling  or  deceiving  the  larger  quadrupeds,  the  use  of 
decoy-ducks,  by  which  water-fowl  are  often  thoroughly  de- 
ceived and  brought  within  reach  of  the  gun. 

The  disguises  worn  by  animals,  the  exquisite  adaptation 
of  the  colors  of  their  fur  or  feathers  to  their  surroundings, 
are  part  of  the  general  harmony  existing  throughout  nature. 
Desert  animals  are  rusty  or  light-colored  ;  birds  and  insects 
and  lizards,  as  well  as  frogs  and  tree-toads,  which  live  among 
trees,  are  green  ;  those  which  live  among  the  trunks  and 
larger  branches  of  trees  assimilate  in  color  to  the  color  of 
the  bark.     The  cougar,  which  clings  to  the  trunk  of  some 
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pvepwed  to  spring  upon  the  deer  paasing  ttndernc 
is  protoeted  from  oboenratian  by  iU  brown  neatnil  oalor, 
wlitk  the  huB  and  linee  of  Uie  tiger  are  said  to  reiemble  the 
lights  and  ahades  of  the  jtmgl^j  gmgs  in  which  it  lies  in  wait 
for  its  piBj.  The  pmrie-dog,  the  deer,  biii!tila  and  ante- 
lope on  the  Western  plains,  are  concealed  by  Ih^ 
Uaoee  in  color  to  the  soil,  or  to  the  bnshes  on  ita  snr 

Among  insects,  the  grasshoppers  n^rlyalraja  harmc 
in  color  with   the  general  hne  of  Uie  6etdi  in  whieh 
abovnid  :  insectfi  on  light-coloped  siindy  beaefaea  are  offeen'l 
pak,  as  if  bleached  oat  by  the  snn*s  rays.     Alpine  and  arctic 
bnttetfljes  and  moths,  which  have  limited  powem  of  flight, 
when  nestling  on  lichen -covered  rocks>  arc  difficult  to  da^eet 


Fig.  M%  -A  KAtydid'liluj  form  leicmblltic  •  kalL 

Certain  orthopterous  inaeeta  reflcmble  Icavea ;  mdi  are 
certain  katydid:^  (Fig,  h\%),  and  especially  tJic  famona  kaf* 
insect,  Phyllium  siccifolinm  Linn.  (Fig.  543^,  which  atfik* 
ingly  resembles  a  green  leaf.  The  stick  insecU  (Fig*  544 
also  would  be  easily  mistaken  for  the  twigs  of  treea  or  rtalVi 
of  leaves,  one  species  (Fig.  544)  representing  a  roogKgrown 
twig.  The  under  sides  of  the  wings  of  our  native  Oi 
butterflies  have  the  color  of  dead  leaves,  so  that  wht»n 
are  at  rest  they  resemble  a  withered  drj'  leaf*  The  most 
perfect  re«enihlance  to  a  leaf  with  its  gtem  is  tl  '"  "mM 
butterfly  when  setting  at  rest  with  its  wings  fol-.  ,  M  \ 
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Flf.M8.— Leaf  inaect  {Fhy 
■n).  Halfiialiinlsise. 


bttok.     The  caterpillars  of  the  geometrid  moths  often  won- 
derfully mimic  the  stems  of  the  plaats  they  feed  upon,  in 
color  and   markings^   even    to    the 
^  /^  warts  and  tubercles  on  their  skin. 

^    HMfli    >  As  an  example  of  possibly  con- 

I   ^J^   I         scions  mimicry  or  effort  at  conceal- 
\|^^^j^^         ing  their  nest  from   the  search  of 
^^^^^^^         their  enemies^  may  be  cited  the  trap- 
j|P^^^H|[2^    door  spider  observed  by  Moggridge 
^      ^^^B^^^  ^^  Southern  Europe.      This  spider 
^^^H  digs  its  hole  among  moss  and  small 

^^^f    H       ferns,   and   after    the    trap-door    is 
^H  made  the  top  is  covered  with  growing 

ferns,  etc.,  transplanted  by  the  spider, 
and  the  deception  is  so  perfect  that 
Mr.  Moggridge  found  it  difficult  to  detect  the  position  of 
the  closed  trap,  even  when  holding  it  in  his  hand. 

Mimicry  of  other  insects  is  of 
very  frequent  occurrence,  certain 
flies  resembling  bees  in  appearance 
and  the  sounds  or  buzzing  they 
make ;  the  Syri)hus  flies  closely 
imitafce  wasps.  Fig.  545  illustrates 
a  case  observed  by  Belt  in  Nicara- 
gua, where  a  wasp  {Priocnemia)  is 
mimicked  by  a  hemipterous  insect 
{Spiniger  luteocornis  Walker,  the 
left-hand  figure)  in  every  part, 
even  to  its  vibrating,  brown,  semi- 
transparent  wings  and  its  wasp-like 
motions.  Here  the  bug  is  evidently 
protected  by  its  resemblance  to  the 
wasp,  for  whose  ferocity  and  sharp 
sting  all  unarmed  insects  have 
great  respect. 

Some  butterflies  are  distasteful 
to  birds,  and  there  are  other  but- 
terflies which  have  no  bad  taste, 
color  such  species  as  are  passed 


Fig.  544.-StIck  inaect, 

but  closely  resemble  in 
by  birds.     Thus, 


over 
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itftii/fU9^  a  common  large  botterflr,  ii  itoi 
bj  binic  an  loooitiii  of  its  paagent  odor*  which  is 
ith  to  ttan.    Another  biitlerflj^  Limeniiis  dUii  _ 
onDer  but  iijiiil«rlj  ooloted  botlerfly,  which  k  iuod< 
ii  ssppoaed  to  be  ntistaken  by  the  birds  lor  the  Di 
thus  ew^ieB  deaUtictioD. 

Belt  mj8  thai  in  Centiml  America  stioginf  ants 
onlj  doaelf  copied  in  form  and  motemente  by  spidorii  hmi 
bj  faciei  of  HtmipUra  and  Coleopiera ;  eb  atinging  anta 
are  not  uniany  eaten  by  biid^  thia  disgniae  u  thought  to 
pffoiect  the  Tariona  fonna  which  imitaU;  them* 

Many  liigUy*€oloied  caterptllare,  which  lire  ^qxiaed  o» 
the  leaTes  of  plants,  are  not  eaten  by  birdg,  <>wiiig  to  their 
bad  taele.    This  and  oilier  bright-colored  injects  may  be  Bai4 
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to  bang  ont  danger-signals  to  warn  off  hungry  birds.  Mr. 
Belt^  in  lus  *'  Xatnraljst  in  Nicaragua,"  anggesta  that  the  , 
slennk  is  an  example  of  this  kriid.  ^'  ltd  white  tail,  bid  I 
back  on  its  black  body,  makes  it  Tery  conspicooas  in  thai 
dttsk  wbmi  it  mams  abont,  so  that  it  is  noi  likdy  to  be  J 
pwttoed  npOB  b^  any  of  the  CamiTora  mistaking  it  for  < 
njg|ii.naauag  aniinla.**    He  also  cites  the  case  of  a ' 

beantifany  banded  ooral  snake  {Bl^$}t  which  is ' 
as  eoDspieaoiisly  as  any  noxious  cuterpithu*  with  ^ 
brighl  bands  of  Uack,  yaDow,  and  i^/'    Thin  author  i 
fccmd  thai  whik  the  frogs  in  Niearagua  are  dnll  or  i 
oolore4  tM«ding  at  night,  and  aU  prayed  upon  by  i 
and  biids,  one  little  specias  of  frogi  dreasid  in  a  bciglU  fiv- 
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ery  of  red  and  blue,  hops  about  in  the  day-time,  and,  as  he 
proTed  by  experiment,  is  thoroughly  distasteful  to  fowls 
and  ducks. 

We  have  seen  that  many  animals  resemble  externally  those 
aboTe  them  in  the  scale  of  life  ;  in  the  synthetic  or  general- 
ized types  from  which  the  more  specialized  forms  have  prob- 
ably originated,  there  are  characters  which  cause  them  to 
resemble  more  recent,  new-fashioned  types.  It  is  possible 
that  in  many  cases  the  older  tjrpes,  doomed  as  they  were  to 
destruction,  have  had  their  existence  prolonged  by  their 
protective  resemblance  to  modem  types. 

For  example,  the  Neuroptera  as  a  group  are  geologically 
of  high  antiquity  ;  owing  to  geological  extinction,  but  few 
species,  compared  with  those  of  other  orders,  have  survived  ; 
and  those  which  arc  now  living  often  resemble  members  of 
higher,  more  recent  orders.  The  inference  is,  then,  that 
the  mimickers  have  survived  by  reason  of  their  resemblance 
to  the  more  abundant  forms  which  appeared,  as  the  more 
old-fashioned  types  were  waning  or  dying  out. 

Certain  Brazilian  species  of  the  lepidopterous  family, 
ZygcBTiidcB  and  Bombycidce,  mimic  in  form  and  coloration 
certain  butterflies,  especially  the  HeliconidcB,  which  abound 
in  Brazil.  The  former  groups  are  evidently  the  older  geo- 
logically, as  there  are  wide  gaps  between  the  genera ;  and 
the  indications  are  that  these  butterfly-like  moths  have 
likewise,  from  their  resemblance  to  the  more  abundant  Heli- 
conidcB,  been  preserved.  It  thus  appears  that  protective 
mimicry  may  be  an  important  factor  in  the  preservation  of 
species. 


CHAPTER  XV. 

ns  AXDIALS. 
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t  of  amMf  of  {ler- 

ite  «i«iit  «•»»  ofgaiiB  of  smell 

*  ^^akjirom  thoae  oC  our  own  gpedw ; 

■lA  werwmam  sialea  oC  the  higher  nmm- 

of  man.     We  know  that 

€ient  intetligence  to  meet 

I  «C  SiBf  wad  thsl  aone  insects,  Uinis, 

occorioo,  to  mmi  extnu^nlinojj 

iiV  to  n»  with    the   oc^oiiioiL 

that  vhoi  nsoallf  goed  hj  the 

Mm  or  leu  plizible,  ooHtablo ; 

1  iltgim  face  agentey  ^  ^  ns 

e  Mtanlisti  who  ob  >5t 

thie  hahtts  of  antmids  do  not  heMUte 

t^ni  aBimalft,  and  some   more  t)ym 

wrveni  which   dl^er   in   degn>o 

m  tmi  fhwi  the  parely  intelleclQal  acts  of 

s^of  sot  tnfrainent  obaervatton,  animals  exor- 

iir  o(  ehoioe^  they  s^^lect  this  or  that  kind  of 

tim  or  thai  kind  of  odor,  and  have  their  liked 

u>  certain  peisoiiat  ^od  all  this  aside  from  mtrt 

Bubiioft  of  tbo  aeoaea     Morco%*cr,  animak  are 

%»  tki  pofflinnn    they  show  anger,  ovc^n  whon  noi 

th«  domination  of  tho  roprodnctifo  in- 

erpress  dissatisfaction  or  contentnumt 

IT  facts  could  be  stat^^d  showing  thai  aoiinib 
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not  only  have  feelings,  intelligence,  and  volition,  but  are 
possibly,  in  a  yery  slight  degree,  self-conscious.  The  fact 
that  animals  exercise  discrimination  in  the  selection  of 
food,  in  the  choice  of  a  flower  or  object  of  one  color  in 
preference  to  another,  in  perceiving  likeness  or  unlikeness  in 
two  objects,  indicates  that  they  can  exercise  the  power  of 
intelligent  discrimination,  as  has  been  said  by  Mr.  G.  H. 
Lewes  :*  "  When  there  is  no  alternative  open  to  an  action 
it  is  impulsive  ;  when  there  is,  or  originally  was,  an  alter- 
native, the  action  is  instinctive  ;  where  there  are  alterna- 
tives which  may  still  determine  the  action,  and  the  choice 
is  free,  we  call  the  action  intelligent" 

Indeed,  animals  have  the  principle  of  similarity  strongly 
developed.  It  is  the  bond  that  holds  together  the  social  or? 
ganizations  of  such  insects  as  live  in  colonies,  and  such  fish, 
birds,  or  mammals  as  go  in  schools,  flocks,  or  herds.  Were 
it  not  for  this  mental  quality  some  species  would  tend  to 
die  out. 

Animals  possess  memory,  which  consists  in  storing  up  in 
the  mind  the  results  of  external  impressions,  so  that  they 
are  enabled  to  perceive  the  points  of  resemblance  or  differ- 
ence between  two  objects,  after  having  been  out  of  sight  of 
them  for  a  greater  or  less  length  of  time.  Bain  defines 
memory,  acquisition  or  retention,  as  ^'  being  the  power  of 
continuing  in  the  mind  impressions  that  are  no  longer  stim- 
ulated by  the  same  agent,  and  of  recalling  them  afterward 
by  purely  mental  forces.'* 

With  the  aid  of  memory,  birds  make  their  migrations, 
bees  and  ants  find  their  way  back  to  their  nests.  As  we 
have  elsewhere  said,  ^'  No  automaton  could  find  its  way 
back  to  a  point  from  which  it  had  once  started,  however 
well  the  machine  had  been  originally  wound  up.  Nor  does 
tlie  common  notion  of  an  infiexible  instinct  meet  the  case. 
Memory  is  often  due  to  a  repetition  of  certain  experiences, 
and  experiences  lay  the  foundation  for  instinctive  acts  ;  it 
is  the  sum  of  these  inherited  experiences  which  make  up 
the  total  which  passes  under  the  name  of  instinct,  "f 

♦  Article  on  Instinct  in  Nature.  April  10th.  1873. 
t  Half  Hours  with  Insects,  p.  374. 
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It  would  appear,  then,  that  animals  hare  in  some  elighl 
degree  what  we  call  mind^  with  its  threefold  dirisions  of  the 
eensibilitiee,  intellect,  and  will.  When  we  study  animals  in 
a  state  of  domegtieation,  especially  the  dog  or  horse,  we 
know  that  they  are  capable  of  some  degree  of  educatioti, 
and  that  they  transmit  the  new  traits  or  habita  which  they 
have  been  taught  to  their  offspring  ;  so  that  what  in  the 
parents  were  newly  acquired  habits  become  in  the  descend- 
ants instinctive  acts.  We  are  thus  led  to  suppose  that  the 
torse  definition  of  instinct  by  ilnrphy,  that  it  is  **  the  sum 
of  inherited  habits/'  is  in  accordance  with  obserred  facta. 
Indeed,  if  animals  have  sufficient  intelligence  to  metet  the 
extraordinary  emergencies  of  their  lives,  their  daily,  so- 
called  instinctive  acts,  requiring  a  minimum  expenditure  of 
mental  energy,  may  have  originated  in  previous  geneni- 
tions,  and  this  suggests  that  the  instincts  of  the  presemi 
generation  may  be  the  sum  total  of  the  inherited  mental  tx- 
periences  of  former  generations. 

Descartes  believed  that  animals  are  automata,  Lamarck 
expressed  the  opinion  that  instincts  were  due  to  certain  in* 
hcrent  inclinations  arising  from  habits  improBSod  upon  tlM 
organs  of  the  animals  concerned  in  producing  them. 

Darwin  does  not  attempt  any  definition  of  instinct ;  but 
he  suggests  that  *'  several  distinct  mental  actions  are  imhd* 
luonly  embniced  by  this  term/*  and  adds  that  **  a  li 
dose,  as  Pierre  Ruber  expresses  it,  of  judgment  or 
of  I  en  comes  into  play,  even  in  animals  low  in  the 
nature.'^  He  indicates  the  points  of  resemblanco  bel 
instincts  and  habits,  shows  that  habitual  act' 
inlieritcd,  cspeeially  in  animals  under  doiu  i>n;  wxA 

since  habitual  ac^tion  does  sometimes  bec^ome  inheriiocl*  be 
tbinksit  follows  that  "  the  resemblance  between  what  origi- 
nally was  a  habit  and  an  instinct  becomcfl  so  close  as  not  to 
be  distinguished,  ^'  He  concludes  that,  by  natural  selectioo, 
slight  modifications  of  instinct  which  are  in  any  way  nsefid 
uccumuhite,  iind  thus  animals  have  slowly  and  grado- 
ully,  '*  as  small  consequences  of  one  general  law,**  ncquirtdt 
llirough  successive  generations,  their  power  of  acting  in* 
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Btinciiyelj,  and  that  they  were  not  suddenly  or  specially 
endowed  with  instincts. 

-  Bev.  J.  J.  Murphy,  in  his  work  entitled  "  Habit  and  In- 
telligence/' seems  to  regard  instinct  as  the  sum  of  inherited 
habits,  reiharking  that  "  reason  differs  from  instinct  only 
in  being  conscious.  Instinct  is  unconscious  reason,  and 
reason  is  conscious  instinct."  This  seems  equivalent  to 
saying  that  most  of  the  instincts  of  the  present  generation 
of  animals  is  unconscious  automatism,  but  that  in  the  begin- 
ning, in  the  ancestors  of  the  present  races,  instincts  were 
more  plastic  than  now,  such  traits  as  were  useful  to  the  or- 
ganism being  preserved  and  crystallized,  as  it  were,  into  the 
instinctive  acts  of  their  lives.  This  does  not  exclude  the 
idea  that  animals,  while  in  most  respects  automata,  occa- 
sionally perform  acts  which  transcend  instinct ;  that  they 
are  still  modified  by  circumstances,  especially  those  species 
which  in  any  way  come  in  contact  with  man  ;  are  still  in  a  de- 
gree free  agents,  and  have  unconsciously  learned,  by  success 
or  failure,  to  adapt  themselves  to  new  surroundings.  This 
yiew  is  strengthened  by  the  fact  that  there  is  a  marked  de- 
gree of  individuality  among  animals.  Some  individuals  of 
the  same  species  are  much  more  intelligent  than  others, 
they  act  as  leaders  in  different  operations.  Among  dogs, 
horses,  and  other  domestic  animals,  those  of  dull  intellect 
are  led  or  excelled  by  those  of  greater  intelligence,  and  this 
indicates  that  they  are  not  simply  automata,  but  are  also  in 
a  degree,  or  within  their  own  sphere,  free  agents. 
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GLOSSARY. 


Abdomen.  In  mammals  the  part  I 
of  the  trunk  below  or  behind  the  | 
thorax  ;  in  insects  the  third  re- 1 
gion  of  the  body,  or  hind  body.  | 

Aberrant.  Departing  from  the 
regular  or  normal  type. 

Aboral.  Opposite  the  oral  or 
mouth-region. 

Acuminate.  Ending  in  a  pro- 
longed point. 

Alveolus.  A  hollow  cavity 
forming  the  socket  in  the  jaw 
of  vertebrates  for  the  teeth. 

Ambulacrum  (Lat  from  ambu- 
lare,  to  walk,  a  garden-walk). 
The  perforated  space  or  area  in 
the  shell  of  the  sea-urchin  or  the 
arm  of  astar-fish,  through  which 
the  foot-tubes  or  ambulacral 
feet  are  protruded. 

Ametaboltc  (Gr.  a,  without ; 
metdbde,  change).  Referring  to 
insects  and  other  animals  which 
do  not  undergo  a  metamorpho- 
sis. 

Amorphous  (Gr.  a,  privitive  ; 
morphe,  form).  Without  a  defi- 
nite figure  ;  shapeless  ;  especially 
applicable  to  sponges. 

Amphiccblgus  (Gr.  amp^t*;  kailos, 
hollow).  Applied  to  vertebrae 
which  are  doubly  concave,  or 
hollow  at  both  ends. 

Anastomobino.     Inosculating  or 


running  into  each  other  like 
veins. 

Anghtlosib.  The  growing  to- 
gether of  two  bones  so  as  to  pre- 
vent motion  between  them. 

Annulate.  When  a  leg  or  antenna 
is  surrounded  by  narrow  rings 
of  a  different  color. 

Aflacental.  Referring  to  those 
mammals  in  which  the  embryos 
are  destitute  of  a  placenta. 

Apodous.    Footless. 

Apterous  (Gr.  a,  without ;  pleron^ 
wing).     Destitute  of  wings. 

Aquiferous  (Lat.  aqua,  water; 
fero,  I  carry).  Applied  to  the 
water-carrying  or  water-vascular 
system  of  the  sponges,  etc. 

Areolate.  Furnished  with  small 
areas  ;  like  a  net-work. 

Aristate.    Furnished  with  a  hair. 

Arthropoda  (Gr.  a,  without ; 
arthros,  a  joint ;  p(nis,  podos, 
foot).  Those  Articulata  with 
jointed  feet. 

Articulata  (Lat.  artieulus,  di- 
minutive of  artus,  a  joint). 
Ciivier's  subkingdom  of  worms, 
Crustacea  and  insects. 

Artiodactyla  (Gr.  artiaa,  even  ; 
daktiUos,  finger  or  toe).  Those 
Ungulates  with  an  even  number 
of  toes,  as  the  ox. 

Asexual.    Applied   to    animals, 
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especiikllj  inaecU,  m  which  Hit? 
ovaries  or  reproductive  organd 
are  imperfectly  developed  ;  aod 
whk'b  produce  c;ggs  or  young  b}* 
budiling. 

AuRELiA.  Old  teriQ  for  the  pupa 
of  an  in&cct, 

AcuicLK  (Lat  aurietila,  a  little 
ear).  One  of  Uie  cavities  of  the 
heart'  of  moltusks  and  verte- 
bmteiL 

A2Y606  (o,  without ;  ztigon,  a 
yoke,  a  pair).  Au  org^an,  vuch  as 
a  nerve  or  artery,  situated  ki  Uie 
middle  line  of  a  bilaterally  ifm- 
metrical  animal«  which  lias 
tJief ef ore  no  fellow. 

Blastoderm  (fjiaston,  a  bud  or 
sprout  ;  tknna,  gkin).  The  outer 
layer  of  the  germ-cellja  of  the 
embryo. 

Bifid.  Divided  into  two  partB ; 
forked. 

Branchia.  a  gUl  or  reephBtoiy 
organ  of  ai^uatic  animalii. 

Bucx^AL.  Relatiug  to  tiie  mouth 
or  checks. 

BtTLi.ATE.    Blistered, 


Caducibrasckiatk  (Lat.  eadtt^eus, 
falling  off  ;  Gr.  bn}ffcf*m,  gilh). 
Apphed  to  those  litilmchki.  m 
which  the  giUs  become  absorbed 
before  adult  life. 

Calcarated.     Armed  with  spurs. 

Calyx,  A  little  cup  ;  often  ap- 
pliwl  to  the  body  of  a  Crinoid. 

Capitate.  Ending  in  a  head  or 
knob* 

CtiELA,  The  lermioal  portion  of 
a  limb  with  a  movable  lateral 
pari,  like  the  claw  of  a  crab  ;  as 
m  the  cjichftte  maxlUa  of  the 
iicorpion. 


The   commiasux^  cif     the  cipik' 

nerves  in  most  verlebrates 
Chitin  (Gr.  chitifn.  a  tunic).    The 

homy  covering  of  kifcrts.  etc, 
Cbtle  {Gt,   (huh»9,  JajccV,     The 

milky  fluid   resulting  from  the 

action  of  the  digest ivo  liuids  on 

the  food  or  chyme. 
CoTME  {Gt.  chtijjuHi,   |ulce>.    The 

acid,  partly  fluid   or  partly  dl- 

gvsted  food,  prL»dtK*ed  by  the  ac* 

tiou  of  ilie  gastric  juice  on  iJm 

food. 
CrLiiJic  (pi.    dUaX      Microeoopic 

filaments  attached  to  cclliv  awi* 

ally  witliin  the  body,  and  mov. 

ing  usually  rhythmically, 
CoscAL.    Ending  blindly  or  ia  a 

cul' de-sac. 
CcECTM.     A  blind  aac  ;  asu^ly 

plied   to  one  or  moils 

ages  of  the  digestive 

CCRXENCRYMA     (Gr 

mon  ;  cfiunum,  chym«  or  jtilec). 
Applietl  in  polype  to  tlie  coral 
mass  containing  the  chymif  croui 
or  nutritive  canals  eonnecthig  tht 
diHereut  polyps. 

CoMMtasrRii,  The  narrca  ocm- 
nectini;  two  ganglia. 

CoNcoLottouB.  Uf  the  aamo  oofor 
OS  another  part 

Condyle  (^ir.  kofidtiloB,  a 
kjujckle).  The  nrltuubr  wir- 
face  of  a  bone,  e«[»e<;ialty  of  the 
occiput 

CoitTicAL.  Eclating  to  the  cotl*x 
or  inner  skin  ;  exlenwU  a»  op- 
posed tometJullary. 

C08TAL  (l^al,  ttwta,  a  rib).  Relat- 
ing to  I  he  ribs. 

CAiiiRtPotuf  (Lttt.cn^rf/TH,  a  sieve ; 
fornia,  form).  With  (Hsrfufi* 
tions  like  those  of  a  sieve. 

Crop.  A  partuil  dilalalioo  ol  the 
^;>]^^\  i^T  ce««^Vv<«^utt,  the  tQf  In- 
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vies ;  in  many  inaecto  the  fore 
stomach  or  proventriculus. 
Cuticle.    The  outermoet  layer  of 
the  integument. 

Dentate.    Furnished  with  teeth. 

DiDELPUiA  (Gr.  diiy  two,  or  dou- 
Me  ;  delphiu,  womb).  The  sub- 
class  of  Marsupials. 

Differentiation.  The  special- 
ization or  setting  apart  of  ^)ecial 
organs  for  special  work,  as  the 
specialization  of  the  hand  of  man 
from  the  fore-foot  of  other  mam- 
mals  ;  also  applied  to  the  special 
development  during  embryonic 
life  of  parts  adapted  for  peculiar 
or  special  functions. 

Dimidiate.    Half  round. 

Dkecious  (Gr.  dis,  two;  aikos, 
house).    With  distinct  sexes. 

DiFTERA  (Gr.  dis,  two  ;  pteron, 
wing).  Two-winged  flies ;  an 
order  of  insects. 

Diverticulum.  An  offshoot 
from  a  vessel  or  from  the 
alimentary  canal. 

EcDTSis(Gr.  ekdusis,  casting  ofF). 
The  process  of  casting  the  skin  ; 
moulting. 

EcHiNODERMATA  (Gr.  echiuoe,  a 
hedgehog  or  urchin  ;  hence  ap- 
plied to  the  sea-urchin ;  and 
derma,  skin).  The  fourth  sub- 
kingdom  of  animals. 

Elasmobranchii  (Gr.  ekuma,  a 
strap ;  bragehia,  gill).  The 
sharks  and  rays. 

Elytra  (Gr.  dutron,  a  sheath). 
The  fore- wings  of  beetles,  serv- 
ing to  cover  or  sheathe  the  hind 
wings. 

Epibtoma.  That  part  of  the  face 
of  flies  situated  lietween  the 
front  and  the  labrum. 


Equilateral.  Having  the  sides 
equal,  as  in  Brachiopod  shells. 

Equivalvb.  Applied  to  shells  like 
the  clams  and  most  Lamelli- 
branchs,  which  are  composed 
of  two  equal  pieces  or  valves. 

Exsbrted.  Protruded ,  opposed 
to  cDclosed. 

ExuviuM.    Cast-ofl  skin. 

FissiPAROUS  (Jjat.  fiMui,  cleft ; 
pario,  to  bnng  forUi).  Applied 
to  a  form  of  asexual  generation 
where  the  parent  splits  into  two 
parts,  each  part  becoming  a  new 
individual. 

Gemmiparous  {gemma,  bud ; 
pario,  to  bring  forth).  Applied 
to  a  form  of  asexual  generation 
where  new  individuals  arise  as 
buds  from  the  body  of  the 
parent. 

Glabrous.  Smooth  ;  opposed  to 
hairy  ;  downy,  villous. 

Glaucous.    Bluish  green  or  gray. 

Hjbmal  (Gr.  haima,  blood). 
Connected  with  the  blood-ves- 
sels or  heart. 

Halteres  (Gr.  haUeres,  poisers). 
Balancers ;  the  rudimentary 
hind  wiDgs  of  Diptera. 

Haustellate.  Furnished  with  a 
proboscis  so  as  to  take  food  by 
suction. 

HEMiPTERA(Gr.  hemi,  half;  pieron, 
wing).  An  order  of  insects  with 
the  fore-wings  partly  opaque, 
hence  called  hemelytra. 

Hermaphrodite  (Gr.  Eermee, 
Mercury ;  AphradUe,  Venus). 
Any  animal  having  the  organs  of 
both  sexes,  usually  the  ovary 
and  testes,  combined  in  the  same 
individual. 
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HsxAK»i>otii},  Provided  with  six 
feet, 

Htmbkoptera  (Or.  humm,  liy- 
men,  or  membrnne  t  ptemn, 
wing).  An  order  of  insects  with 
two  pairs  of  membranous  wings.  [ 

Hyoid  (Gr.  T.  eidos,  resemlilanceK 
A  bone  in  man  named  from  re- 
sembling Lhe  letter  U  i  its  form 
being  different  in  other  verle- 
brates  :  also  colled  oa  Hnfftuw, 
from  its  supporting  the  tongue. 

Imago,      The    final    or    fourth. 

winged  and  adult  state  of  iaaects. 
IwEQurLATEBAL     Having  the  two 

enda  unequal,  as  In  the  clam, 

quohog.     and    most      Lamelli* 

branch  shells. 
Inequivalvk.      With   oile  valve 

differing  in  size  or  shupe  from 

the  other,  as  in  the  oyster  or 

Brachiopod  sheila. 
Irroratkd,     Freckled  ;  sprinkled 

with  atoms, 

Lamellibranchiata  (Lat.  la- 
me4ia,  a  leaf  or  sheet ;  (tntnchia, 
gill).  A  cla^s  of  mollusks  with 
large  leaf-like  gills. 

Labva  (Lai.  kirm,  a  mask). 
The  second  f^tage  of  the  insect,  a 
caterpillar,  grab^  or  maggot. 

Lumbar  (Lat,  lunibu»,  a  loin). 
Connected  with  the  loina. 

MoKCEaotJB  (Gr  monot,    single ; 

oikot.  Louse).  With  the  sexual 
glands,  etc.,  united  in  the  same 
individual. 

Nkmatocvst  (Gr;  nema,  a  thread  j 
kU9tM,  a  bladder).  The  Deitling, 
itlngin)?  organs  or  tbrcod-rells 
or  InssO'Cells  of  the  jelly 41  shes 
and  polyps,  etc. 


NBrROPT£RA(6r,  tkmrrm,  a  cord ; 
pterin,  wing).  The  ofder  of 
net  veined  insects, 

NtDAHEKTAL.  Referring  to  a 
nest,  or  egg-sac 

NoTOCHOKD  (Gr,  ncUffi,  back ; 
ehordf,  a  string),  or  ekorda 
dorMiU.  The  primitive  auppon 
of  the  bodv  of  vertebrate  embry- 
os, larval  ascidians,  and  the  back- 
bone of  the  lancelet  and  lam- 
preys. 

Obtgcted.    Covered  ;  oonoeakd, 

Odontopbobk  (Gr.  ocUm»,  a  tooth  ; 
phero,  I  carry).  The  so-called 
tongue  or  lingua]  nblion  of  the 
higher  moUusks. 

CEflOPHAOUS  (Gr.  oisot,  a  wed ; 
phoffein,  to  eat).    The  guUeL 

Opebculum  (Lat.  <^no,  to  covet). 
In  fishes  one  or  more  bonea 
covering  the  gills  ;  in  Gantropod 
3Ioliusks  a  horny  plate  or  solid 
limestone  mass  closing  the  oriflce 
of  shells. 

OriBTBOCfELOUS  (Or.  aputhm^  Ink 
hind  ;  ko^,  hollow).  T^oai 
vertebrates  with  bodies  hollow 
behind  and  convex  in  front. 

Oral.     Related  to  llie  mouth. 

OiiNiTHODELPiiiA(Gr,  ornis,  bird ; 
ddphut^  womb).  The  suli  cla» 
of  mammals  and  orditsr  Mtmoir^ 
mata. 

Orthopteha  (Gr  ^r^um^  alrmlglit  i 
pteron,  wing).  The  onler  of 
Insects  with  straight  nurow  for»- 
wings,  as  the  gramhop|)er«, 

Obtracoda  (Gr.  0ilr«Moc£»,ab«l  W). 
A  group  of  shelled  ( 

Otoliths  (Gr.  mu, 
stone).  Small  bones  ampcimM 
in  the  Internal  car  of  fishea^  or 
coocrvttona  in  the  auditor^  fftcs 
of  ioTertebratea* 
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Oyipaboub  (Lat.  ovum,  an  egg; 
pario,  I  bring  forth).  Applied 
to  animals  bringing  forth  eggs 
instead  of  living,  active  young. 

Ovipositor  (Lat.  ovum,  an  egg ; 
pono,  I  place).  An  organ  in  in- 
sects  homologous  with  the  sting, 
by  which  eggs  are  deposited  in 
solid  substances. 

Ovisac.  A  sac  or  bag-like  mem- 
brane attached  to  the  parent, 
and  containing  eggs. 

Ovo-viviPAROus  (Lat.  ofmm,  an 
eg:g ;  tifms,  alive  ;  pario,  I  bring 
forth).  Applied  to  such  animals 
as  retain  their  eggs  in  the  body 
until  they  are  hatched. 


Pallium  (Lat.  a  cloak).  The  man- 
tle or  body-wall  of  moUusks, 
which  secretes  the  shell ;  adj. 
palUal. 

Parenchyma  (Gr.  paregehuma, 
from  para,  en,  ehuo,  something 
poured  in  besides).  Applied  to 
the  proper  substance  of  viscera, 
excluding  connective  tissue, 
blood-vessels,  and  other  accesso- 
ry parts. 

Pelagic.  Living  on  the  high 
seas,  away  from  the  coast ;  in 
mid-ocean. 

PERi80ME(Gr.  peri,  around  ;  9oma, 
body).  In  Crinoids  the  oral  re- 
gion of  the  cup  or  body. 

Perrennibranchiata  (Lat.  per- 
ennig,  perennial  ;  hranehia,  gill). 
Those  Batrachia  which  retain 
their  gills  throughout  life. 

Perissodactyla  (Gr.  periston,  un- 
even ;  daktulos,  finger).  Those 
Ungulates  with  an  uneven  num- 
ber of  toes,  as  the  horse. 

Peritoneum  (Gr.  peri,  around ; 
teino,  I  stretch).  The  membrane 


lining  the  abdominal  walls  and 
covering  the  enclosed  viscera. 

Perivisceral  (Gr.  peri,  around  ; 
Lat.  viscera,  the  internal  organs, 
especially  of  the  abdominal  cav- 
ity). The  body-cavity  contain- 
ing the  alimentary  canal  with 
its  outgrowths. 

Piceous.  Pitchy  ;  the  color  of 
pitch  ;  shining  reddish  black. 

Pilose.  Clothed  with  pile,  or 
dense  short  down. 

Plexus  (Lat.  a  knot).  Applied 
to  a  knot-like  mass  of  nerves 
or  blood-vessels. 

PoLYPiDE  or  PoLYPiTE.  The 
separate  animals  of  a  Hydro- 
zoon. 

Preoral.    In  front  of  the  mouth. 

Process.  A  proiection ;  used 
chiefly  in  osteology. 

pROCCELOUs  (Gr.*  pro,  front ;  koihe, 
hollow).  Those  vertebrae  con- 
cave or  hollow  in  front. 

Protoplasm  ^Gr.  proto*,  first ; 
plasma,  from  pUisso,  I  mould). 
The  albuminous,  elementary 
matter  forming  cells  and  the 
body-substance  of  PraUxoa, 

Proximal  (Lat.  proximus,  next). 
The  fixed  end  of  a  limb,  bone  or 
appendage ;  that  nearest  the 
body ,  opposed  to  distal,  the 
farther  end. 

PsEUDOPODiA  (Gr.  pseudes,  false  ; 
podes,  feet).  The  temporary  pro- 
cesses sent  out  from  the  bodies 
of  Protozoa. 

Pteropoda  (Gr.  pteron,  wing ; 
podes,  feet).  A  class  of  pelagic 
mollusks. 

Pubescent.  Coated  with  very 
fine  hairs. 

Punctured.  Marked  with  nu- 
merous small  impressed  dots. 

Pupa  (Lat.  a  doll).     The  third  or 
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iQt,  idmm,  from  idot  cndX 
mdbmeaMmrj'  tenniml  leg- 
of  lite  ttbdCMZMss  of  Aiihn- 
pndk 
TBJnntAS*.    A  trtnte  of  lite  N«iuop- 
tarocis  imago    after    exrlu^ion 
frofti  tbe  pupa,  ia  which  ii  hif 
noi  f uUj  complcled  its  ccdormg, 
etoiliiiif ,  etc. 
TlyrrAco^tTif  (Lat.  te^Oo,  I  loticbl. 
I     A.  feeler  or  icntiicle. 
Twmavm  (Lm.  Imck).    The  doml 

ftfiofi  of  Arthropotfe. 
Ttot  (Lnt    <#Ma,   II  aheUl      TTie 
lote^meut  of   Tuni^ 


TasTACSOCV.      Dull   mi.    brick 

color* 

TnoitAX    (Gr     tkantt^  M  hret^fH 

pkle).       The   chest    in    vert^ 

hmw ;  the  middle  body  to  to- 

•eels  and  some  cru&tjicca. 

\  TBTEAXniA  (Gr.  tMumtnm,  fringe  ; 

tiuiK    The  lowest  order  of 


Tc»iiCKT06K.     Covixred  with  fine 

OMtlM]  hairs. 
TuAmuxhM     <«!rttnii),    dim.     of 

lraib«a  baim.     Applieii  lo  the 

too^tadSnal  ctuiikjorioou^  Uaj»o( 

the  fort*- port  of  the  head  of  %*er- 

trhrate  embryos. 
TlucHXA  (Gr.  traeAtia,  the  rrmgh 

windpipe).       The     reepintory 
iu   verU^hrate*  ;    Ihe    Wf* 

NjSr  of  Trachtiite  iuscctfl. 
TKJ&Jt.iTO0A   (Gr   trema,    a    pore 

or      hok).        Aa      oider     of 

worm*. 
TRrNCATKO.     Cut  sqtmrely  offi 

dncked.  I 

TtnuKMCtJixiftB.    Corcsred  with  tn- 

bexvies. 
TujfiCATA  <LaL  twHit9§,  a  HoakK 

Tho  ch99  of  worm»  called  Aft- 

ddiwns. 
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Umbo  (Lat.  the  boss  of  a  shield). 
.  The  beak  of  a  Lamellibrancbiate 

shell. 
Uhouiat^  (Lat  unffula,  a  hoof). 

The  order  of  hoofed  mammals. 
Ubodela  (Gr.aura,  tail ;  dela8,y\id- 

ble).    The  tailed  Batrachians. 


Yacxtolb  (Lat.  vacuus,  empty). 
The  little  cavitios  in  the  bodies 
-of  Protogoa, 

Vkntral.  Applied  to  the  under 
side  of  the  abdomen,  or  of  the 
body  of  invertebrates. 

Vkntriclb  (Lat.  venirieuius, 
diminutive  of  venter ,  belly).  One 
of  the  cavities  of  the  heart. 

ViERKicuLATB.  With  thlck  -  set 
tufts  of  parallel  hairs. 

VsRBUCOfiE.  Covered  with  wart- 
like prominences. 

VsRTEBBA  (Lat.    verto,    I   turn). 


One  of  the  bones  of  the  spinal 
column  or  backbone. 

Verticillatb.    Placed  in  whirls. 

Vbsiclb  (Lat.  vesica,  a  bladder). 
A  little  sac,  bladder,  or  cyst. 

Viscera  (Lat.  viscus).  The  inter- 
nal organs  of  the  body. 

ViviFABOUS  (Lat.  virus,  alive  ;  and 
patio,  I  bring  forth).  Applied  to 
animals  which  bring  forth  their 
young  alive. 

ZoOiD  (Gr.  eoon,  animal ;  Mos, 
form).  The  highly  specialized 
organs  of  such  animals  as  the 
Hydroids,  and  other  compound 
forms  which  have  a  marked  in- 
dividuality, and  which  might  be 
mistaken  for  genuine  individu- 
als. 

Zoophyte  (Or.  xodn,  animal ;  phu- 
ton,  plant).  Applied  to  the 
plant-like  polyps,  sertularians, 
and  sponges. 
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ACANTHARCHUB  P0M0TI8,  448 
Acantliocepbali,  165,  175 
Acantboglossos  Braijnii,  573 
Acarina,  859,  886 
Acboruttis  nivicola,  864 
Acineta,  34 
Acipenser  stario,  427 

development  of,  427 
Acrania.  401,  405 
ActUeres  Carpenter!,  298 
Actinia,  74,  78 
Actinopbrys  sol,  27 
Actinospbserium,  26 
Actlnozoa,  74,  91 
Adaptation  of  animals  to  their  sur- 

roundinprs,  10 
Adder,  puff.  499 
JEgineta,  62 
.Eolis  pilata,  265 
-Epyomia,  538 
Agalmopsis,  70 
Agramogenesis,  54 
Agelacrinns,  108 
Ai,  579 

Aix  sponsa,  543 
Albatross,  542 
Albertia,  179 
Aica  impennis,  541 
Alcjonaria,  85,  91 
Alectorides,  544 
Aletia,  379 
Alewife,  450.  451 
Alligator  MiraissippienBls,  514 
Alopecias  vu1|ies,  420 
Alosa  sapid  issima,  450 
Alpbeos,  815 


Alytes  obstetricans,  484 
AmarcBciam,  200 
Ambergris,  598 
Amblyopsis  speleus,  458 
Ambljrbyncbus,  504 
Amblystoma  mavortium,  479 
Amia  calva,  433 
Amiurus  lynx,  448 
Ammocoetes,  410 
Ammonites,  280 
Amoeba,  3, 17,  22 
Ampelis  cedrorum,  555 
Ampbibia,  464 
Ampbioxos,  structure  of,  406 

development  of,  407 
Ampbipoda,  305 
Ampbisbsena,  502, 508 
Ampbitrite  cirrata,  286 

ornata,  289 
Ampullae  of  Ecbinoderms,  97 
Anabas  scandens,  457 
Anadromous  fishes,  451 
Analogy,  12 
Anas  boscbas,  543 

obscura,  548 
Anchitberium,  602 
Ancistrodon  contortrix,  500 

piscivorus,  500 
Andrena,  384 
Andrias  Schencbzeri,  479 
Anemone,  sea,  74 
Angle,  facial,  626 
Angler,  442,  460 
Anguilla  acutirostris,  446 
Anguillula  aceti,  170 

tritid,  170 


^^^^-jpg                    ^^^       UiDKX.                   ^^^^^^H 

^^^^^Anmialcule.  bear.  901 

Ardiaater,  114                  ^^^H 

^K            Aaimalciilea,  bell,  89 

Aj^chegoaaaniB,  481                  ^^M 

^^K                Inf  luoriMi.  Si 

ArcbitfiutUia  monadiQfi,  888    ^^H 

^^^f                root,  98 

prioc^pe,  282                   ^^H 

^                        trumpet,  35 

Arcif«rou8  Anura,  484              ^^^| 

^^B             Anim&l  kingdom,  cluelficaUon  of. 

ArcturuB  Balflai,  310                ^^H 

^H 

Argoaauta.  288                          ^^H 

Argulaa  alofie,  299                   ^^H 

^^^^H                 c*  ^iliogiiii^ed  from  plaots,  1 

AnaadJlla,  580                          ^H 

^^^H                 ^^^\  and  low,  6 

Army  worm,  379                     ^^H 

^B             Annelides,  229.  288 

Artemia  feriiib,  S04                 ^H 

^H             AjuaUta,  claraeters  of,  225 

gracilia.  306                    ^H 

^H                         claf«ificatloa  of,  288 

ArtliroiiM^re,  MS                       ^^^ 

^H             Anochaniia  alneiuiaf  121 

Artbropoda,  charaden  of,  988^^V 

^1             ilAodotita,  245 

Aniodactyla,  600. 605                      1 

^H             Aaolls,  908 

Asearia  deouu.  154                  ^^M 

^^^              Acomodontia,  512 

luwbriooides.  157           ^^H 

^H              Anopla,  21 B 

mjaux,                           ^^H 

^H             Anoplodiiim  ScUodderl^  145 

]iIgrov«ao«a.  154           ^^H 

^B             A]il.8dl 

Aflcetia  primordialia.  43            ^^| 

^H             Aiit-«ater,  sptnj,  57S 

Ancidia  caUooa,  202                   ^H 

^H              Ant,  wbiie,  Wt 

gig«a,202                        ^H 

^H             Antedon  nMaoeos,  105 

Aaddiacea,  197,  215                   ^H 

^V              Antelope,  prong  horn,  609 

Aflcidlani,  19<J                               ^^M 

^B               Antbiacarida,  805 

AseUuB,  808,  310                                 J 

^H              Anthrapalfprnou,  314 

Asexual  g^eoezmtion^  65S           ^^H 

^H              Afithmpoidea,  618,  519 

Aaiphooia^  295                           ^H 

^H             Atitilocapra  Americaoft,  609 

Aap,  499                                              1 

^H              AniipathiTfl  arbonea,  85 

Aap^rgiHiinit  950                      ^^m 

^H             Anara,  483,  488 

^B             Apea,e21 

^H              Apliia,  371, 5S3 

A■p^sdo,449                                   1 

^B                        lioD,  357 

A9t«rlaavtilgarta,96^112,m   ^J 

^H              Apia  melHfica,  365 

AiUuidM.  111.  116                    ^H 

^H             Aploreros  mobtaoiu^  510 

A8t«rold«a,  109. 115                   ^H 

^H              Apodeei,  445 

Afltnea  pallida.  81                      ^^| 

^m             App«fiidlcalaria»  199 

Aeiraagia.  80                             ^^^| 

^1             Apterj^x.  538 

A«traiigta  IHsm,  81                  ^^H 

^H             Aptomia*  533 

Afitro^^Dlum.  114                      ^^H 

^H             Apofl  tctqualis,  802 

Adtrnldes,  deirelopaant  of,  8i  ^^| 

^H              AnLcliiiarU9,79 

Astmpecten,  114                         ^^^ 

^H             Aracbnida,  characters  of»  8S8,  885 

Aalfophf  too  AgmMlxli.  Ill               1 

^H                        deveiopmetit  of,  852 

^^               no?eborac«Qii^59i    ^^H 

■             Aranetoa,  862,  885 

620                           ^H 

■           AroeMa.  24 

AUftQiaaatiMia,  515                      ^^H 

^^^^     A  rclisKiiit^'ry  %  mactucm,  5S1 
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Atrium,  198 

Ank,  g^-eat,  541 

Aarelia  aurita,  63 
flavidula,  65 

Anricolaria,  182 

Aoroch,  612 

Aatecbinida,  128,  126 

Aatolycus,  285 

Aatomata,  animals  as,  682 

Aves,  anatomj  of,  518, 525 
cbaractersof,  518,557 
developmeDt  of,  582 
feathers  of,  528 
moalting  of,  584 
nesting  habits  of,  586 
sexual  colors  of,  585 
skeleton  of,  518,  519,  521 
songs  of,  585 
topography  of,  520 

Axinella  polypoides,  48 

Axolot],  479 

Aye^je,  619 

Baboon,  620 
Balnna  mysticetus,  592 
Balienioeps  rex,  545 
Balienoptera  boops,  592 
Balanogloesns  aarantiacos,  219 
Balanos  balanoides,  298 
Balatro,  179 
Baphetes,  488 
Barnacle,  292 

anatomy  of,  298 
Barramandi  fish,  480 
Bathycrinus,  101 
Bats,  588 
Batrachia,  breeding  habits  of,  484 

characters  of,  464,  487 

development  of,  476 

gills  of,  468 

poison  of,  475 

reproduction  of  lost  parts  of, 
481 

skeleton  of,  465 

teeth  of,  467 

viviparous,  479 


Bear,  615 
Beaver,  584 
Bee,  879,  885 
Beetles,  872 

oil,  872 
Belone  longirostnu,  454 
Bilateral  symmetry  of  Ctenophors, 
92,98 

Echinoderms,  96,  120 
Bilharzia  hsematobia,  152 
Bill  fiah,  454 
Bimana,  624  • 

Bipalium  dendrophilos,  148 
Bipinnaria,  118 
Birds,  diving,  541 

of  prey,  548 

perching,  551 

raptorial,  548 

swimming,  543 
{Also  see  Aves.) 
Bison,  611 

Bladder,  swimming,  of  fishes,  442 
Blastoidea,  107,  109 
Blhid  fish,  442.  444,  458 

shrimps,  815 
Blissus  leucopterus,  870 
Blister  beetles,  878 
Blood,  circulation  of,  685 
Blood  corpuscles,  8 
Blue-fish,  455 
Boa-constrictor,  496 
Bolina  alata,  92,  98 
Boltenia  reniformis,  anatomy  ot 

197 
Bonellia  viridis,  224 
Bootherium,  610 
Bopyrus  pandalicola,  806 
Bos  longifrons,  612 

primigenius,  612 

taurus,  618 
Bot  fly,  875 

Botbriocephalus  latns,  150 
Box-fish,  462 
Brachiata,  101,  109 
Brachiolaria,  118 
Brachionup,  development  of,  178 
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^B                    AKUire  «f.  188,  in,  IK 

CkmbaroB  pellodda^  815     ^H 

^H        Btad^7^C«aiHMlB,3I4 

Cmme},  514                               ^1 

^H         IHijpi  tiidactjhw,  579 

CluueluB,  514                          ^H 

^^M        BniBanl.» 

CampanuUrije.  81                  ^^M 
Campcidea,  354                        ^H 

AmertcaDa.  865  ^^^^M 

^^H      ttMitii|iiiiLOTr 

Cancer  irrvYralus,  318       ^^^H 

^^B        Wt^^CmmOim^HA 

Canifl  caritwua,  517         ^^H 

^H                   leoeopM^Mi 

doiDaticua,  017     ^^^M 

^^H      ftiiam,  nr* 

extmrius,  617       ^^^H 

^H         BlUta««.  114 

fkmiliarU,  015       ^^H 

^^^H         nnnif^tfiyi^  SM 

latrauB,  517                  ^H 

^H      ftvu^jin,  M 

leporariuB,  617            ^H 

^H^B^Tom,  180 

moloMUfl,  517              ^H 

^^^HSmbo  TligliiUBiiiv  5I» 

aagan.  017                   H 

vvrta^ua,  517              ^H 

^^^^boeepliftliti  cQcalaii.  190 

Caathocamptiifl  earertiarumf  89T 

^^^^rmni^^agmAx^diwm,  fttt,  210 

CapeUii.  453 

^^V                          H^dTmdft.  54 

Capx^>'*>  ^^ 

^^^^^^                     Iiif osOTiA,  S7 

Carcharias  gangeticQa,  481 

^^^^H                   Uedam,  60 

Oirdium  prgnurum,  deT«JopiD«l 

^^^^                   PoIjpA,  77.  8d 

of,  2.73 

^^V                          Surfisb,  110 

CarUcufl  Vlrgiuiaoaa,  608 

^^H         Bttfo  ictMieii0,  475 

Caribuu.  500                          ^J 

^H                     kmugincMiiB.  485 

Ckriuatie,  541,557                 ^M 

^^H         Biig8»370 

CkrneoapongiMD,  47,  48          ^B 

^^1          BoMMid^iM 

CamiTora,  614.  688             ^M 

^^^^m  B«seb«r  bicd^  5!^ 

Carp,  453                         ^^H 

^^^^  Biitlerfl.T,  377 

Curjocjistitoa,  108        J^^^| 

^^^^^^  Bossard,  larke/,  548 

C^ophjIlAUfi.  161,  lO^^^^I 

Caflsowaiiee^  539           ^^^^| 

^^H         CAcmcuyr.  588 

Catarrbinai,  680             ^^^^H 

^^1          Quldisflj.307 

Cat,  anatomy  of.  554      ^^^H 

^^^H         Cklmati,  513 

dvet,  on           ^^H 

1^^^^^  Ofkjm&o,  515 

domeaUc,  617              ^U 

^^^^^OUumiteliUijrs.  431 

Ckl  Bab.  448                         ^1 

^^^^  Oild0|KNiig)ie,  40, 48 

Oatenala  lemos,  144       ^^^H 

^^^V         CftUgus  eurtui,  289 

qaatema,  144       ^^^^H 

^^^B          CmUi^atbus  8imu»,  504 

Catbart«a  etratus,  548    ^^^H 

^^1          Callorfayiiehiui.  424 

aura,  548               ^^^| 

^^^1          Caloptenos  apretos,  326 

Cattle  tick,  360               ^^^1 

^^^1                     fetnur-rnbrumt  888 

Caudioa  arenata«  184  ^^^^H 

^^1         Cnljptnpa  Bineai&ft,  ^^ 
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Ceddomyia,  877 
Cells,  6 

Centipede,  858 
Cephftlaspie  Lyellii,  4SS1 
C^plmlizatioD,  288,  814,  405 
CephalopUara,  cbamctere  of,  2d7 

clafifiifif^itaii  of,  272 
Cepbalopocift,  cliamciers  of,  272 

classificatlou  of,  288 

develepment  of,  278 
Ceplmlapteru^  diabolos,  424 
Cephalula,  177 

of  worms,  288,  284 
Ceratodus  FooteH,  429  * 
CercarJA  cyntopliorn,  150 

echtnata,  150 
C^reaHa,  liislory  of,  147 
Cercoleprea.  615 
C*-rcopitViectd«f,  620 
CeriantliELs  boreal  is »  79 
Cerm&tla  forceps,  858 
Cervus  CaDadensls,  809 
Ceatodes,  structure  of,  158,  168 
Ceatraeloa,  410 
Oetacea,501  62S 
C6te,  591, 629 
Cetiosaurus,  515 
Chaetodenna  Ditidalam,  224 
Cbffitog^atb],  174, 175 
Chaetopoda,  286 
CbsetOBoma,  170 
Chalinula  oculata,  48 
Chameleon,  608 
Charybdsa,  62 
Cheiromys,  619 
Cbelifer,  862 
CbebnU,  amatomy  of,  505 

charact«f0  of,  504,  517 
Cbelydm  i^rpentina,  510 
Cblck,  deTelopment  of,  B46 
,  Cbllkbtb  ja  tiirgidtiA,  462 
*  Cbilo^ftiha,  a5«,  385 
Cbilomycteros  f^eometrtcus^  462 
Cbibpodm,  35@/886 
Chimera,  ^* 

plpmbea,  425 


Chimpanzee,  622 

Chinch-bag,  870 

Chirodota  Isve,  184 

Cbiraptera,  588,  629 

Cbirotea,  502 

Chiton,  nervoua  sjrBtem  of,  268 

Chiton  ruber  268 

Cbondro^i^nolde],  427 

Chorda  dorsal i»  of  Ascidlans,  206 

CboTdeileB  VirgiQianas,  551 

Chrysemys  picta,  anatomy  of,  506 

Chrysothrix,  620 

Chub,  458 

Chub  sucker  448 

Chyle  of  polyps,  77 

Chyme  of  polyps,  75 

Cicada,  seventeen-year,  871 

Cidaris  nutriz,  122 

Ciliary  motion,  142 

Ciliata,  85,  40 

Cinclides,  75 

anara,  865 

Cirratulus  grandis,  286 

Cirripedia.  292,  825 

Cidtenides  Gouldii,  286 

Cladocera,  299 

Cladodactyk  crooea,  188 

Clam  J  anatamy  of,  242 

ClAmator«e,  552 

CtaauGcalion  18 

Clepsiue,  embryology  of,  228 

dldiophora  trlHoeata,  250 

Climbing  fiah,  457 

Cliona  snlpburefl,  49 

Clione  papilloniieea,  259 

Clupea  harenguB,  4*50 

Clymenella  torqnata,  286 

Clypeaater,  128 

Coati,  615 

Cochineal  insect,  871 

Cod,  458 

Codosiga  pulcherrimas,  82 

Ccecilia,  482 

Coelenterata,  51 

Coenosarc  of  coral  polyps,  85 

Coleoptera,  872.  886 


Cwmm  urn,  mi 
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Decapoda,  312,  325 

Cephalopoda,  280 

Deer,  608 

Deltocyatlius  Agassizii,  80 

Deodroccela,  145 

Dendroccelam  lacteam,  141,  144 
perc8Bcam,  142 

Dendroeca  vireDS,  555 

Dentalium,  257 

D.-smosticlia,  126 

Devil-fisl),  424 

Diatrjma,  540 

Dibranchiata.  280,  284 

Dicjema,  130 

Dicyemella,  140 

Dicjnodon,  512 

tigriceps,  512 

Didelphia,  571,  628 

Didelpliys  Virginiana,  575 

Didus  Sneptus,  547 

Diemjctylus  viridescens,  481 

Dififerentiation,  6 

Digestion,  organs  of,  631 

Digestive  canal,  0 

Dimorphism,  654 

Dingo,  617 

DinicUthys  Torrelli,  431 

Dinomis  g^ganteus.  538 

Dinosauria,  515,  517 

Dinotherium,  590 

Diomedea  ezulans,  542 
f  uliginosa,  542 

Dfploria  cerebriformis,  80 

Diplozoon  paradoxum,  152 

Dipnoi,  425,  426,  428 

Diptera,  375,  386 

Discina,  103 

Discophora,  62,  72 

Dispersal  of  animals,  660 

Distomum  crassmn,  151 

deyelopment  of,  147 
heterophyes,  151 
lanceolatam,  151 
macroBtomum,  152 
ophtbalniobiam,  151 

Distribation,  geographical,  658 


Dodo,  547 
Dog-fish,  420 

shark,  420 
Dog,  varieties  of,  617 
Doliolum,  201,  208 
Dolphin,  455 
Doris,  265 

Dorosoma  cepedimnam,  448 
Dove,  547 
Drum-fish,  448 
Dack,  black,  548 

canvas-back,  548 

eider,  548 

summer,  548 
Dagong,  506 
DysniorphosR.  CO 

Eagle,  bald-headed,  548 
Ear,  641  ;  of  clam.  245 

of  Crustacea,  201 
Ears  of  mammals,  568 
Earwig,  368 
Earthworm,  anatomy  of,  229 

embryology  of,  230 
Ecardines,  106 
Ecbeneis  remora,  454 
Echidna  hystrix,  578 
Echinarachnius  parma,  128 
Ecbinococcus,  150 
Echinoderes,  170 

Echinodermata,  blood  system  of, 
100, 130 

characters  of,  06 

direct  development  of,  114, 
121, 138 

"  heart  *'  of,  100.  104 

metamorphoses  of,  106,  112, 
120 

nervous  pystem  of,  07, 104 

skeleton  of.  07,  1 18 

viviparous,  110, 121,  122 

water-vascular  system  of,  04 
130 
Echinoidea,  117, 126 
Echinorhynchus  angustatus,  166 

claviceps,  166 
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ISoiilplkiHl  808 
EMa  vulgaris*  888 
Bfibemn.  387 
Ef4goBi<iiai,vs  eoluaiB*.  408 
Bplpodinm  of  molliuilut,  W 
K|p*ion«iof  Potjfwa,  1§| 

im,  7 

E^aiti  ininiii;  808 

cabmlltu,  iMMof,  808 
hemtooay.  804 

oi3ag<?r.  004 
£rimjio0  oblon^om.  44S 
Eretmochelv?  iiubricata,  $tO 
Ej»cUariDii,  186 
EstUerift  BelfrniH*  809 
Eaclione  eli^gmig,  S88 
Eup]«?ctellum  a&fKjr^iUmn,  i 
Eupomotis  aiireQ»,  44j. 
£apro^l|j9  D^um,  322 
EupjTjjuei,  128 
EuryiiAiin>pusi,  356 
EttTfsitompic.  iM 
Bttstrotigvlufi  butooDis, 
cii(»r4oi}ifi^  160 

pApUlosits.  189 
Kvolutititn  VI 

Klist4!iiMre,  struggle  for*  878 
£t«.  810 

dofftiil,  of  MolIu««a»  357 J 

of  l>UDd  eraw.fisfa,  315 

ofCrustAc^i.  300 

oftuoHuska,  374 

FAdGIOLA  OKTATICUIt,  150 
Fk«i.8«t 

c^ittf  look^lttl.  88|_ 
fkfH80 
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Feriilization  of  egg,  644 

Fienusfer,  459 

FUaiia  hematica,  170 
lentis,  170 
medinenaiB,  160 
Ban^oiniB-hominis,  170 

IlslieB,  9ee  Pisces. 

^ohee,  anatomj  of,  484 
bony,  434 
cliaractera  of,  411 
climbing,  457 
development  of,  445 
Elasmobranch,  414 
fins  of,  411,  428 
ganoid,  425 
lateral  line  of,  442 
mucous  canal  of,  442 
respiration  of,  442 
sounds  produced  bj,  442 
spiracle  of,  417 
teetb  of,  416,  442 
viviparous,  418, 444 

Fish-hawk,  548 

¥lBh.lice,297 

Fission  in  Planarians,  144 

Flabellnm  angnlare,  80 

Flagellata,  81,  40 

Flandngo,  544 

Flea,  877 

sand,  811,  876 
snow,  864 
water,  299 

Floander,  459 

Fluke- worms,  147 

Fly,  bot.  875 

house,  874,  875 

Flying-fish,  458 

Foraminifera,  24, 27 

Forficula,  868 

Fossil  jelly-fishes,  71 
sea-urchins,  125 
sUr.fishes,  116 

Frog,  487 

anatomy  of,  470 

Fuligula  vallisneria,  543 

Fangia,88 


Gadus  morrhua,  458 
Galago,  619 

Galeopithecus  volans,  588 
Gall-flies,  two-winged,  877 
Gall-fly,  bymenopterous,  880 
Gallinago  Wilsonii,  545 
Gallinula,  544,  545 
Gammarus  robustus,  811 
Gampsonyx,  806 
Ganglion,  8 
Ganocepbala,  482 
Ganoidei,  characters  of,  425, 468 

development  of,  482 
Gare  fowl,  541 
Gar-pike,  431 

development  of,  482 
Gasterosteus,  456 
GastrsBades,  140 
Gastropoda,  259,  272 
Gastrotheca.  485 
Gastrotricha,  179 
Gastrula,  43 
Gavial,  514 
Generations,  alternation  of,  652 

in  Ascidians,  210 

in  corals,  82 

in  Trematodes,  147 

in  worms,  235 
Geographical  distribution,  658 
Geological  succession,  668 
Geophilus  bipuncticeps,  858 
Geoplana  flava,  142 
Gephyrea,  development  of,  228 

structure  of,  221,  225 
Gerard ia,  85 
Germigene,  141,  147 
Geryonia,  62 
Giant  bird,  545 
Gibbon,  621 
Gills,  637 
Gizzard-shad,  448 
Gland,  green,  of  lobster,  291 
Glass-snake,  Opheosaurus,  508 
Glires,  582,  629 
Globe-fish,  463 
Globiceplialus  brachypterus,  595 
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^^^^^H          GlobleepliaJ  ub  melas,  505 

Haplodcm  rttfua,  5811             ^^| 

^^^H           Globlgerioa  bulU»idefi,  24 

Haplopbyllia  paradox*,  81          1 

^^^^H           Glycimeris  ailiqua^  250 

Hare,  vaiyinir,  586                        1 

^^^H           Qlyptodon.  580 

Harmony    between    oalnubli  mil 

^^^H           OuathoBtnuiaU,  401 

their  BurroumltngB,  675             ■ 

^^^H           Grmotliecu,  61 

Harvest  njeo,  362                           • 

^^^^H           viooae,  bamade,  544 

Hatt«rla,5U 

^^^1                     wild,  544 

Hearing,  orgtktiB  oC,  in  moUaik%  ' 

^^^H           Goose.fisb,  460 

270                                      ^H 

^^^1           OoFdiacea.  171 

Heliopora  ocsnilaato  85         ^^^H 

^^^^^B           Oordius  aquatic  us,  172 

Heliozoa,  27                            ^^H 

^^^^H           Gorgtinia  flabelluoi,  80 

Helix  albolabria^  anatomj  <l4^^| 

^^^^H           Uorgonidffit  86 

HeU.bender,471>                    ^^M 

^^^L^   GoHlK  628 

Helodenna  borridam,  504            1 

^^^^^^^^  GralktoreB,  544 

auBpecium*  504                  1 

^^^^^^^B  Oram p UB  griseus*  595 

HemiaBt«r  caveriKisiia,  ISl          M 

^^^^^1  GrapioUtes,  61. 

PyiippU.  121              ^H 

^^^^^^V   OraBflhopper,  anatomy  of,  328 

HemippuB,  604                      ^^^H 

^^^^V          Gregarina  j^igantea,  38 

Hemlptera,  370, 888             ^H 

^^^H           Gregariaida,  28v  31 

Herring,  450                           ^H 

^^^1           GrUse,  452 

Heflperornis«588                     ^^^| 

^^^^H            Ouatiln,75 

HcBaian  6y.  377                      V 

^^^^1            Ouilltjniot,  541 

Heterotuetaliala,  804 

^^^^^^^    y  ti  i  ti en-  bcn«  546 

Heteromita.  SKi 

^^^^^^H   OuYoia  antiulaia,  84 

HeierodQQUde,  416 

^^^^^^H   GymnarcUuB  niloticua,  449 

Heteropoda,  270,  27^ 

^^^^^^^B  Gymtiolfemata,  186 

Hexapoda.  ^63.  386 

^^^^^^H   Gymncmontjra,  213 

Hexathyridium  pjognioola,  Ifll 

^^^^^H    Gymnophioua.  481,  488 

veoamm,  152 

^^^^^^^^    Gym  not  us  clectricus,  45D 

Himantopuii  nigricoUia,  549 

^^^^F          GyDieoophore  of  trvmaUxle  wonua 

Hipparion,  602 

^^^B            1^2 

Hippocampus.  413 

^^^^H           GyrDdaoiyluB  elegane,  153 

Hippocampus  minor.  618 

HippotMHamii*,  606 

^^^V                HAt^ROSAURCS,  515 

Hirudinea,  dcvAloptneni  ofi  W 

^^H             Ha^.fisli.  409 

^trucium  ol.  226«  2a6j^H 

^^^^^              lJi4iruea,  85 

Hoafiin.  547                            ■■ 

^^^h 

H«iliK^>pbali,  rharacl«9j«  of.  11^^ 

^^^^H           Hiiir  wormB,  171 

HaUipiiB,  101                                     1 

^^H           Ilakts  458 

HolothuHacduUa.t8S                  1 

^^^^H           HalcAmpiL  producta,  78 

Floriaaiia.  mmJbamj  il.  UW 

^^^H           HalmcHuB  ]eucoc«pbaluB,  548 

Ho1otbur(nd«%  1:26,  Ui               1 

^^^H            l(n]icon\  5£»6 

H«imolr>gy,  12                           ^^B 

^^^^^           Halibtcuiiua  earum,  70 

Hmno  {sftpii'UB,  624                   ^^H 

^^^H           HaJopUila  boreal  is,  180 

Homed  tond.  503                    ^H 

^^^^^^          HalyeljrstUB  aoricula,  64 

Hom-uil  3fW                      ^H 
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Horse,  genealojry  of,  602 
races  of,  604 

House-fly,  374 

Hamming-bird,  551 

Hjalonema  boreale,  48 

Hjboeodon,  60 

Hybrid  dacks,  543 

Hybridity,  657 

Hydatids,  158 

Hydra,  anatomy  of,  62 

development  of,  56 
vulgaris,  52 

Hydractinia  ecbinata,  56 

Hydroidea,  52, 72 

Hydroroa,  52,  71 

classification  of,  73 
nervous  system  of,  62,  65 
organs  of  taste  in,  63 

HyU  Pickeringii,  484 

Hylobates,  622 

Hylodes  Martinicensis,  485 

Hymenoptera,  379,  887 

Hyocrinus,  102 

Hyoganoidei,  481 

Hyperia,  68,  811 

Hyperoartia,  410 

Hyperotetra,  410 

Hypobytbius  calycodes,  202 

Hypodermis,  289 

Hyracoidea,  599,  629 

Hyrax,  599 

Ibla,  298 

Ichneumon  fly,  381 

Ichtbyopterygia,  511,  517 

Iclitbyomls,  538 

Icbtbyosaur,  512 

Idotcea,  nervous    system  o*,  806, 

810 
Idyia  roseola,  98 
Iguana,  504 
Iguanodon,  515 
Individuality.  656 
Ineducabilia,  582 
Infusoria,  31, 40 
Inberitance,  law  of,  11 


Insectivora,  587,  629 

Insects,  anatomy  of,  328 
brain  of,  330 
cbaracters  of,  327 
classification  of,  385 
digestion  in,  836 
ears  of,  845 
eye  of,  345 
embryology  of,  849 
locomotion  in,  847 
metamorphosis  of,  828 
parthenogenesis  in,  853 
polymorphism  in,  368 
respiration  of,  843 
senses  of,  346 
useful,  354 

Instinct,  nature  of,  680 

Isopoda,805 

Isurus  punctatus,  420 

Ixodes  albipictus,  859 
bovis,  360 

Jacchus,  620 
Jaws,  631 
Jelly  .fish,  62 
Jul  us,  356 

Kanoahoo,  575,  577 
Katydid,  676 
Killer-whale,  595 
King.bird,  552 
King-crab,  317 
Kin^rlet,  555 
Kiwi.kiwi,  538 
KogiaFloweri,594 

Labyrinthici,  457 
Labyrintbodon,  482,  488 
I^byrinthodontia,  482 
Lacertilia,  501,517 
Lachnostema  fusca,  872 
Lactopbrys  trigonus,  462 
Lfelaps,  515 

Lagopus  leucurus,  546,  547 
Lamellibranchiata,  242 

classification  of,  256 


^^H                                               ^^^^^ 

^^^^H           ItamprejB,  409 

Llmnorla  terebrans.  810 

^^^^^H           Lamp  dliellSf  188 

Limpet.  26s 

^^^H           Lancelet, 

Limtila»,  anatomy  of,  817 

^^^H           Larva  of  EcUinoderm^.     9^,  106, 

d<?veloproetit  of,  320 

^^^^^                                  112, 130 

Poljrpliemua.  817 

^^^^^H                     Uydmzoik,  83 

Lineua.  218 

^^^^^^^1                      Inaects^  826 

Lingaml   nbbon  of  mdluakii  S7IL 1 

^^^^^f 

632                                             J 

^           LftSBO-cellB  in  Aurelia,  07 

Llnf^uatulina.  861 

^^^^^                Hydra, 

Liogula,  189,  190,  191 

^^^^^^^K               Infasoriiit 

pyramidata,  190 

^^^^^1                                  81 

Liodon,  500 

^^^^^^^^B              Sponges,  43 

LissotritoD  panctatua^  461 

^^^^^V 

LUhobiuB  Aniericanit»^88l^^^ 

^^^^^^H    Laterfil  Mm  of  fi^heB,  443 

LitUodomas,  d50                  ^^| 

^^^^^^H    Leaf  iuRf^ct, 

LlttoHna  littonm,  288         ^H 

^^^^H    Leech,  220 

Liver  fluke,  150                     ^H 

^^^^^H    LemDisci,165 

UvLTdi,  aea,  504                   ^M 

^^^^^H     Lemur. 

structure  of,  501         ^^M 

^^^^^^^H     Lepas  fai^clcalaris,  298 

I^bata^,95                             ^H 

^^^^^^^H     Lepidoptera,  377,  387 

LobBti^r,  anatomy  of,  888    ^^| 

^^^^^^^     Lepidoslr^n  paradox  a,  430 

Lociiftt,  anatomy  of.  3S8     ^^H 

^^^^H^           Lepidoatens,  development  of^  432 

Lo^freHiead  turtW,  510       ^^H 

^^^^^^^H 

Loligo  imlHda,278              ^^ 

^^^^^^H                         plutjHtomu8«  43S 

Pealli,  anatomy  of,  878 

^^^^^^                          spatula,  4BS 

Loon.  541 

^^^H            LepiduruB  Coueail,  303 

L»»pliiufl  pmcatAHui,  480 

^^^^H            Lepomcmera,  22 

U)                            4}                 ^H 

^^H           Leptocardli,  400,  408 

Li                         iim,80      ^M 

^^^^H            Leptocephalus,  440 

I/iphopUoris  I^                   ^^B 

^^^^B            LeptodtBcaB  meduaoldea,  84 

Loxoaorua,  185,  197               ^^M 

^^^^1            Leptoplana,  144 

Lucernaria,  68                               ^ 

^^^H           Leptosynapta  Oinurdli,  184 

Luciftiga  auUtcTfrnnena,  480          J 

^^^^1            Leptycliaster,  114 

Luldia,  114                                    1 

^^^^^           Ltip  us  A  mv  rican  ua,  588 

Lumbrlcns  a^oota,  S80       ^^J 

^^H                       Bairdii.  530 

ru  bell  oa,  880              ^^| 

^^^^B            Lerniea  bmncliialis,  297 

t^nvatiia,  280             ^^M 

^^^^H            J^rnennema  nidinta,  *2^S 

Lqaatla  bMtw,  anatgmjr  ol,  811    i 

^^^^H            Loncochiondiuiu,  152 

Lung  flah,  438 

^^^^H           Lic^.  plant,  371 

Ljmnjpua  apprcanui,  8i8 

^^^^H           Li^ula  Bimp]icis»iitia,  182 

eJodea,  268                   ^J 

^^^^H           Llmacina  arctica,  258 

Lympbati^  880                   ^^M 

^^^^B           Li  max  flavtiB,  265 

Lynx  C^nndenala,  817          ^^H 

^^H           Llmlcolro,  544 

rufus,  617                   ^H 

^^^H          Llmnadia  Ap:a99iai1,802 

Lyre-bird.  558                      ^H 

^^H          Li mnetia  G onWX ^^^.^Wt             ^ 
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ts  marginatft,  878 

3ACX7B,  620 

:bili8,  365 

:kerel,  456 

srobiotas  AmericannB,  861 

;ropu8  thetidis,  577 

•tra  lateralis,  249 

ovalis,  251 
irepora  cervioornis,  82    . 
andrioa,  80,81,84 
;pie,  554 
laoopoda,  855, 885 
lapteraras  electricus,  449 
le  fishes,  obstetrical  babits  of, 
49.461 

1  lotus  villosas,  452 
mmalia,  anatomy  of,  564 

cbaracters  of,  557,  628 

deyelopment  of,  566 

ears  of.  568 

bair  of,  561 

boras  of,  561 

limbs  of,  560 

music  of,  569 

sexual  differences  of,  566 

skeleton  of,  558 

teetb  of,  562 
jnmals,  development  of,  649 
immotli,  598 
01,  embryolopry  of,  650 

origin  of,  627 
relation  to  apes,  624 
skull.  626 
varieties  of,  627 
inatuB,  595 
indrill.  620 
inis.  580 
&ntis,  369 
ginubrium,  70 

arine    animals,  distribution  of, 
664 

armosct,  6l9 
ar^upialin,  574 

arsipobrancbii,    characters    of, 
400,410 


Mastodon  giganteum,  599 
May  fly,  367 
Meckelia  ingens,  218 
Medusa,  59 
Megalops,  318 
Megapodius,  546 
Megatherium ,  579 
Melanogrammus  eglefinns,458 
Melipona,  885 
Mellita  testudinata,  128 
Meloe  angusticollis,  378 
Melospiza,  555 
Membranipora  pilosa,  186 

solida,  180 
Memory  of  animals,  681 
Menbaden,  450 
Menobrancbus,  478 
Menopoma  Allegbanlensls,  479 
Merostomata,  317,  826 
Mesenteries  of  polyps.  75 
Mesoderm,  6 

Mesogonistiue  cbatodon.  455 
Mesobippus,  602 

Mesozoa,  139 

Metabola,  364 

Metamorpbosio,  651 

of  Batracliia,  476 

suppressed,  477,  485 

of  Crustacea,  313 

of  ecbinoderms.  105, 110. 113 

Motridium  marginatum.  74 

Miastor,  658 

Microsauria,  482.  488 

Microstomum  llneare,  strobUation 
in,  145 

Midas,  620 

Migrations  of  animals,  667 

Millepedes,  856 

Millepora  alcicornis,  57 
nodosa,  57 

Mllnesiumtardigradum.  861 

Mimicry,  protective,  675 

Mimetes  niger,  622 
pitbecus,  621 

Mind,  in  animals.  683 

Miobippus,  G02 


^^H                                                   ^^^^^1 

^^H           Mlie%  359 

Muiir.  604                            " 

^^H           Moa,  538 

Mja  arena  rk.  242 

^^^^1           Moceaain  unake.  TjOO 

Myifale  avH'ularia,  888 

^^^H            MoIttcnntliuRPallusii.  463 

IJentaH,  368 

^^^H            Molu  rotiiuda.  4G2 

Mylioliatia.  416, 4S4 

^^H 

fretnenTUm,  428 

^^H            Miilgula,  197 

Mytodon,  579 

^^^B           Moi  iueoi,  development  of,  2.13. 203 

Myriopoda,  350^  885 

^^^H                       structure  of.  240 

MjHotrocbus  HUikli.  181     ^M 

^^H           MolluBCfl,  edilile,  268 

Myriozoum  subgracile,  160  ^^^| 

^^^B 

Mysis,  313                             ^j 

^^^^H            MoiiuA  termo,  31 

Mysticet*.  592                                J 

^^^V            Hnnern.  18,  20 

Mytiloa  edulia,  848              ^M 

^^^^L^^    Mont^y,  eUtflJs  used  as,  ^G9 

Ujxlne,  409                         ^M 

^^^^^^K    Mciolior,  5(R 

■ 

^^^^H    MMnki^y, 

Naja,  499                           ^^ 

^^^^^^^H    Moiiociiuhis,  60 

Nanemys  gut  tat  ua*  510 

^^^^B    MoQ»d^lpliia.  571,  577, 680 

Narwhale,504                              j 

^^^^^^^H    Mtm^idoti  luonoceroie,  594 

Ka8ua.615                            mM 

^^^^^^^H    Mittiogru}>tuB,  <j2 

Xatator«s,  544                       ^B 

^^^^^^H    MoDo»t/»mum,  dev^elopment  of,  149 

Natica  beroa,  anatomy  of«  861 

^^^^^^H    MonntremeB,  571 

Xatrix  torquata,  495 

^^^^^H    Mori>hoWg7,  5 

Nauphus,  294 

^^^^*    Moruk,  43 

Nautilus  pompiliua,  280  ^     ^h 

^^^V          MoMMmniH  marimas,  500 

NebaJia,3U                           ^H 

^^^H           Mosquito.  377 

bilH'B.  318                         ^^ 

^^^H            Moths,  378 

Necturua  lat^mlla,  478 

^^^^H           3Ioun(1  bird,  546 

^^^^           Mouiie.  586 

164 

^^^^^^.  Hncoua  canal  of  fisliea,  448 

strneture  of,  168,  178 

^^^^V  Mud  dauber,  888 

Nc4iiatodc«,  16>7, 175 

^^^^    Mud  Ml,  432 

Neumtoftt^nn,  Hi                   ^^d 

^^^H                      puppy,  478 

^^H                      B(m  dsh,  448 

Neme  rt  1  na .  de  r <*  i  ^                ^  J^B 

^^H           Mullet, 

atructurv  *i               ^  ^H 

^^H 

NQocarida.888.825              ^M 

^^^^1            Mufca  donie«tlca,  875 

^^^^H            Musical  6s1)es,  413 

Kepbila  plomlpoB,  868         ^^% 

^^^^H           Music  of  mammals^  569 

Nert^ls  ^irenSto  aaakHQj  9f«lA|M 

^^H          KuMa,80 

Nervous  tfttem,  888           ^H 

^^H          Moasel.  eilble,  24S 

Nervmta  lyatem  of  elttOffei^^B 

^^^H                       deY«l<^>ineni  of,  254 

^^^1           Mnaleli^  fbina.  617 

Ne«taofb!rda,5a6                ^M 

^^^B           MuBtelus  canm,  420 

NVuroptera.  365,  886           J^| 

^^^^^              )a!(vis,  4^ 

Keurula  stA^t  of  lotKhm,  Wl^^i 

^^^^^^H              vulgaris.  490 

woniifl,880                      1 

INDEX. 


711 


hawk,  551 
aca  miliaris,  33 
i  produced  bj  fisbefi,  442,  443 
antbuB,  446 
bord  of  ascidians,  20G 
imata,  177 

rema  marBupiatum,  4S5 
>rancb  xuollnscs,  2G5 
iriuB  longiroBtris,  545 
Halites,  25 

of  trematode  womiB,  149 
a  nivea,  549 

NA,80 

lemas  bytbias,  202 
[>d  cephalopoda,  280 
as  Bairdii,  282 
paDctatuB,  283 
ophore,  276 
omlthes,  537,  557 
oma,  382 
diaeta,  236 
diam,  257 
as  mararias,  307 
alam  of  gastropoda,  261 
U,  496,  517 
coma  vivipara,  110 
pholis  bellis,  110 
iridea,  109, 116 
lodelphjs  Qvifera,  4*C> 
lomi,  446 
am,  575 
.622 

prladiator,  595 
iyx  pictus,  546 
isms,  6,  23 

ByComparative  anatomy  of,631 
of  circulation,  635 
of  digestion,  631 
of  respiration,  637 
of  BCDse,  640 
of  smell,  642 
nature  of,  4,  6.  8.  9 
1  of  species,  071 
lodelpbia,  571,  028 
losauria,  516 


Orobippus,  602 
OrtliagoriflcoB  oblonguB.  462 
Orthoptera,  368,  386 
Oscines,  552,  553 
Oflcula  of  sponges.  43 
OsmeruB  eperlanus,  452 

mordax,  452 
Osprey,  648 
Ostracoda,  299 
Ostrich,  539 
Otocyst,  270,  641 

of  clam,  245 

of  worms,  143 
Ova,  winter,  of  planarians.  145 

of  polyzoa,  187 

of  Rotatoria,  178 
Ovibos  moscbatus,  610 

priscus,  610 
Ovis  argali,  610 

aries,  610 

montana,  610 
Owl,  548 
Ox,  612 

Ozyarifl  vermiculariB,  167 
Oyster,  pearl,  252 

Paddle  fibh,  427 
Palseocarida,  292.  315,  326 
Palieontology,  16 
Palamedea  comuta,  546 
Palapteryx,  538 
Palechinida,  123,  126 
Palisade  worm,  168 
Paludicella,  182 
Pandion  baliatHas,  548 
Pangolin,  580 
Panopeea  arctica,  250 
Paragorgia  arborea,  86 
Paramedum  caudatum,  35 
Parr,  462. 

Parroquet,  550  ' 

Parrot.  550 
Parthenogenesis,  54,  052 

in  aacidians,  213 
Partridge,  546 
Pnaseres.  551 
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^^^H         PfttetlfL  valuta,  208 

Pboei^nA  brachjeium,  5%     ^^H 

^^^H          Piiuropodti,  856,  386 

llneata,  54«5                 ^H 

^^^^^B          Pauropus  Lubbockit,  356 

PUfi^Yii copter ua  ruber.  541 

^^^H          Ft;url  ojster. 

Phoronia.  223 

^^^1 

PliospUoreaoeoi  aanelidiv.  23T 

^^^H           Pedicellaria.  97 

aaddiaoa,  202 

^^^H          pLHllcaluti,  460 

Hf  drosoa^  70 

^^^1          P^MJipalpi,  302,  380 

insecta,  375 

^^^^H          Pelagic  tiio11aac8,  258.  260 

Protozoa,  m               ^^1 

^^^^H          Pe  1  ecanua  e r j tU  rorl \ y ucl  i  u  b,  535 

worma.  237                 ^^H 

^^^1          Pelican,  642 ' 

PbrynoAOiiiA  Dou^laaaii.  509          ■ 

^^^H          Pelobates,  4M 

[  Phjlactola&maU,  im             ^J 

^^^^B          Pclodjtes  (a  genus  of  fro^),  484 

Phyllocarida,  311,  Mi          ^H 

^^^^B                    (a  g«uu6  of  thread  mirmd). 

Phjllopoda,  300                     ^H 

^^H 

Phjraa  hetoroatropliJL,  205             1 

^^^^^^_^Pelomjxa  palustris,  24 

Phjsalia  ar^husA,  OS            ^J 

^^^^^^■Pt4opffiU8.  383 

Pbyaeter  macroeeplnklua.  i9l^^| 

^^^^^^B  Peltogaster,  20G,  ^7 

PhjaiologT,  12                        ^H 

^^^^^^H  Felvcn^uria,  513 

Pic«ri«P,  550                            ^M 

^^^^■pt^uella, 

Pigeon,  aGatomr  of,  525        ^^1 

^^^^^^H  I't^QjOr^in, 

Pilidium.  217     '                             J 

^       Pdinatultt  aculeata,  86 

Pill  bug,  306.  307                  ^^ 

^^^H            PpiitacriiiuH,  101 

Pi  pa  Amf^ricana,  485             ^^H 

^^^H          Prntacta  frondtMa.  aimtum j  af ,  137 

Pipe  ash,  401                         ^^H 

^^^H           Peiitastoma.  361 

Pirarucu.  442                         ^^M 

^^^H           Pi'iitrt^mitet*.  107 

Piaoea,  characUsn  of.  41 1,  m       1 

^^^H          PiTca  Quviutilid,  453 

deTelopiiU!Utof,4L\4:fi3.il&  1 

^^H          Perch,  455 

Pt^Bodea  strobi,  371                       I 

^^^1                     nen,  aDaiomx  of,  i^U 

Plagioatomi,  419                       ^J 

^                Poridinium.  3t 

PlaguBla,  460                           ^H 

^H                 Peripatu^,  aniitomy  of.  355 

^M                PeriHurc,  01 

land,  HI                       ^H 

^H                      PrTiBS<^>cblCt.Vltt,  000 

laaao.  cells  of,  113       ^^1 

^H                 pLtrla,  307  ' 

nervoaa  ^r«i«ni  i»f,  in        ■ 

^1                Perophora,  201 

paiaalUc  145               ^J 

^m                Piitalosticha,  123,  120 

PlanarU  tomra,  141                ^H 

^H                Petromysuin  mnriuu^,  410                i 

Plant  lice,  371                        ^H 

^H                           ntgtT«  410 

PJauula,  50                             ^^M 

^^K                            nigrtcatia,  410 

PlatygaiiWr.  381                       ^H 

^H                PezopliiipD  g^ilitariufl,  547 

PlatybelmkntlMia,  141.  108     ^^| 

^B                PlialntijTclla  ltalH«]ltiQ9.  180 

PlatyrbtDJi?,  610                        ^H 

^H                  Pbnlnn^riuiD,  i\iy^ 

PlHCtogoathi,  461                     ^H 

^H                 Pliapvngnbranc'hii.  408 

Plioliippas.  609                        ^H 

^H                PhuMrttlosomu  caMiirntiirkuta,  2^ 

Plt^fliofiaurufl,  SIS                      ^^M 

^H                            Houhlit^                                     1 

Pletbodoii  ^TyihMOIktliwm,  479  ^| 

^^B               Plk#»ronemn  Anuaf.  4^ 

PliurobrachU  dwMM^ta.  ^       J 
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PleuTolepis  pellacida0,  450 
Plearoma,  296 
Plearum  of  insects,  829 
Plumatella,  183 
PneuHiopUora,  134 
PcKlum/3C4 
Pog*:>Dins  cbroiaifl^  443 
Pogy,  450 
Poisonous  batraehianB,  475 

jelly  fish,  67 

siphonophoros,  68 

snakes,  497,  499 
Polycelis,  144 
Polycla€lu0  Qayj,  148 
Polydora,  doTelopment  of,  283 
Folykrao8,  37 
PolymorphisDif  654 

in  inaeaa,  868 
Poly od  on  folitim,  428 
Polypedatea,  484 
Polypide,  181 
Polyps,  coml,  74 
Polyptems  bldiir,  481 

SetiefrAlufl,481 
Polystome©,  152 
Polystomnm  Integerrimum,  153 
PolyxOft,  deveiopineiit  of,  185 

struct ur«  of,  180, 188 
Polyseoarlimv^lSl 
Fomatomua  paltatrlx,  455 
Pomolobua  ps^adoharengTiB,  450 
Pomoti%  455 
Porctllio,  30a,  810 
Porcapin<^  fiplii  463 
Pisrifera,  43, 49 
Poqdiyrlo  ccerulesceas,  545 
Parpolee,  SOS 
Porsana  Carolina^  544 
ri>rtug«eff©  man-of-warj  69 
P«t  am  ol  rj  l'O  n ,  424 
Poartalcsia,  124 
Prestwicbia  rotandatus,  322 
Primaiea,  618,  tJ29 
Frtrotioa  reseda,  BO 
PriBtis  antSqaorum,  421 

Perrotell,  421 


Proboscidea,  597,  629 

Procjrm  lotor  01^ 
Proglottis  of  tape  worms,  150 

tremalode  worms,  150 
Prorbyncliua,  216 
Proacolex  of  tape  worn;  ft,  156 

trematode  worms,  150 
Proeimiie,  618 
ProtatncE^ba,  10 
Protaster,  111 

Protective  resemblance,  487,  675 
Proteidtt,  478,  488 
Proteus,  478 
Protista,  2 
Protohippus,  602 
Protomonas  amyli,  19 
Protomyxa,  19 
Protomyxa  aurantiaca,  19 
Protoplasm,  5 
Protoplasta,  81 
Protopterus  annectens,  430 
Prot<>a!oa,17,  41 

contmctili>  vesicles  of,  ;J2 
Pseudee  paradoia,  487 
Pseudobranchas  atrial  uf,  478 
PfleudcKrrinEB,  108 
Pseudofilaria,  young  of  gregariua. 

30 
Pseudemys,  510 
Ps^t^dopleufonectefi     American  us, 

4*30 
Feeudoptidia,  23 
Pseud  opus,  502 
Paol  UB  c  pbi  p  p  i  f e  r ,  133 
Psycbology   12 
Ptannigaiij54<t 
Pteranodon,  517 
Pteraeter  114 
Pterodactyls,  51(3 
Pteropoda.  358>  273 
Pteroftaurla,  510^  5  7 
Pterotrachea  coronata,  271 
PtyeUia  lineatn«,  371 
Puffer  fish,  462 
Pulex  irritans.  370 
Pulmonata,  265 
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Scaphiopos,  484 
Scaphirhynchope    platjrbjnchus, 

437 
Scaphopoda,  257.  273 
Sceleporas  ondalatus,  anatomy  of, 

403,504 
Scliizaster  fragilis,  124 
Schizopoda,  314 
Scolez  of  tape  worms,  156 

trematode  wonii8,  150 
"Scolopendra  ^rigantea,  358 

herofi,  358 
Scolopendrella,  358 
Scomber  scombrus,  456 
Scjphophori,  449 
Seal,  614 
Seaanemone,  74 
Sea-cow,  595 
Sea-cucumber,  anatomy  of,  138 

apodous,  133 

pedate,  133.  135 
Sea-fan  corals,  86 
Sea-horse,  443 
Sea-lion,  614 
Sea-pen,  86 
Sea-squirts.  196 
Sea- worms.  231 
Selacho  maxima.  430 
Selachians,  414 
Semotilus  rhotheus,  453 
Semnopithecus,  631 
Sense,  organs  of,  640 
Serolis  Gaadichaudi.  306 
Sertularia,  61 
Sijwellel.  585 

Sexual  coloration  in  fishes,  444 
Shad.  450,  451 

gizzard,  443 
Shagreen,  415 
Shark,  basking.  430 

hammer-headed,  431 

mackerel,  419 

Port  Jackson,  416 

tliresber,  420 
Sharks.  414 
Sheep,  varieties  of.  609 


Sheep,  musk,  610 
Sheep  hydatid.  160 
Shells,  fossil.  370 
Ship  worm,  350,  254 
Showt'l,  585 
Shrew.  587 
Shrike,  555 
Shrimp.  313,  314 
Sida,  399 
Simise.  619 
Siphoniata,  356 
Siphonophora.  68.  73 
Siphonops.  483 
Siphydora  echinoides,  47 
Sipunculus,  221,  224 
Siredon.  479 
Sirenia,  595,  629 
Siren  lacertina,  478 
Sivatherium,  005 
Skates.  421 

development  of.  419 
Skull,  brachy cephalic.  627 

dolicocephalic,  627 
Slug,  265 
Smelt,  453 
Smolt.  453 
Smynthurus,  364 
Snail,  365 
Snake,  hooded,  499 

striped,  anatomy  of,  498 
Snakes,  496 

protective  coloration  of,  497 

viviparous,  497 
Snipe.  545 
Snow-flea.  364 
Solaster  endeca,  115 
Solitaire,  547 

Somateria  mollissima,  543 
Somite,  386 
Sorex  platyrhinuB,  587 
Sounds  produced  by  insects,  309 
Sounds,  fishes',  443 
Spalax,  586 
Sparrow.  555 
Spatangus.  134 
Specialization,  6 
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".  .  _'  .-*li;>  j'tnkirtiius.   \i\l 

Syriiiuiu  (■iiuTcuni,  51'J 
Syr^biis,  ;j7r> 


Tm-.TLATK   (»>KAL8,  5'^ 

TaoliiiKi.  ."jT.") 

Txnia  acaiithotria?!.  l.")7 
biicillaris.  ir>,l 
C'M'uiirus.  1(J().  ir,l 

iiitniif^caneilHTa.  ]■'»> 
solium,  150.  IjT 
T.iniata.  0."> 

gtructuri'  of,  r»  : 
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Tarpau,  fl04 
Tatimaiiiau  dovil,  575 

wolf,  575 
Tasto,  organs  of,  in  Hydrozoa,  G^j 

insects,  346 

polyps,  77 
Taatoprolabros  adspenius,  anatomy 

of,  434 
Teeth,  631 

rudimentary,  402 

of  sea-urchins,  118 
Teleocephali,  449 
TeleoBtei,  characters  of,  434,  464 

anatomy  of,  434 
Tentaculifera,  34,  40 
Teratology,  640 
Terebratulina  septentrionalis,  188 

development  of,  192 
Terebrella,  236 
Teredo  navalis,  250 
Tergipes  lacinulata,  265 
Tergum  of  insects,  320 
Termes  bellicosus,  368 

llavipes,  367 
Terrapin,  510 
Testicardlnes,  106 
Testudo  Indica,  510 
Tetrabranchiata,  280,  284 
Tetradecapoda,  305,  325 
Tetrao,546 
Tetrarhynchus,  162 
Tetrastemma  serpentinum,  219 
Tetrastoma  renale,  152 
Tetrodon  la?vigatus,  462 
Thalascaris,  315 
Thalassochelys  caouana,  510 
Thaliacea,  208,  215 
Thamnocephalus  brachyurus,  308 
Theca  of  corals,  79 
Tlielyphonus  giganteus,  362 
Theriodonts,  513 
Theromorpha,  512,  517 
Thrasher  whale,  595 
Thrips,  370 
Thyladnus,  575 
Thyone  briareas,  anatomy  of,  131 


Thysanura,  364,  386 
Tick,  359 
Tinamous,  547 
Tipula,  377 
Tissues,  6,  7 
Tissue,  bony,  8 

cartilaginous,  7 

connective,  7 

elastic,  7 

epithelial,  7 

fibrous,  7 

gelatinous,  7 

muscular,  8 

nervous,  8 
Titanophis,  500 
Toad,  485 

horned,  503 

metamorphosis  of,  477 

poison  of,  475 

spade-footed,  484 
Tomocerus  plumbeus,  364 
Tooth  shell,  257 
Torpedo  marmoratus,  423 

occidentalis,  422 
Tortoise,  510 

Touch,  organs  of,  in  cruBtac|a,  291 
inolla^i,  270 
Toxodontia,  600,  629 
Trachymedusap,  62 
Trachystomata,  478,  487 
Transmission,  law  of,  11 
Trematodes,  structure  of,  146, 163 

development  of,  147 

pupa  of,  149 
Trichina  spiralis,  169 
Trichocephalus  dispar,  160 
Trigla,  443 
Trigonocephalos,  499 
Trilobita,  young,  323 
Trinucleus,  young  of,  823 
Triton,  478 
Trivia  califomica,  259 
Trochilus  colubris,  551 
Trochosphere,  259 

ofpolysoa,  186 

of  worms,  147 


^^^Ti^^^^^^^^^^^ro^^^^^^^^^^^^B 

H             Troclius,  devokiplMlil  of,  HM 

Vert«bnita.  '^^tr^'**^  cif;tti<^^| 

^1              Trout,  453 

claviflaitlnii  of,  6911     ^^B 

^1              Trunk  fisli,  4m 

bmin  of,  a03                          1 

^M              TrjffoD,  424 

ear  of,  405                      ^J 

^H              Tubiilam.(K) 

eye  of,  404                      ^^| 

^B               Tul)i{»ora,  d5 

bair  of,  403                     ^H 

^M              Tunicata.  development  of,  203/311 

llmlm  of.  396                  ^H 

^m                         structure  ol,  11)6.  215 

notocbord  of,  303           ^^m 

■              Turbellaria.  143, 16*3 

MVb?8  of,  403                   ^H 

^H               Turd  U.I  migratorius,  550 

ekeletoo  of,  395              ^H 

^H               Turkey,  wild.  546 

ekull  of.  307                  ^H 

^H               Turtle,  green,  510 

twtb  of,  401                     ^1 

^^^                  Lawkbill,  510 

Vertobmtes^  relaiioas  of  aaciduuui  J 

^^^^L                   logf^erhead,  510 

10,207,214                                    1 

^^^^^^           sea,  510 

raoUus.'a  w,  ^1                   J 

^^^^^^K         enapplag^,  510 

worm!}  to,  314, 319,  339  ^M 

^^^^^H         eoft  flhelL 

Ve9]>eriilio  ffubulatua,  501        ^^M 

^^^^^^H          fiWfttnp,  Anatomy  of,  50G 

Vinegar  worm,  170                  ^^M 

^^^^^          toriobe  ebell,  510 

Viper,  490                                   ^M 

^V              Tvl€nchu«<  flcandens,  170 

Vipi^ra,  400                                ^H 

■              Tvln».  :^00 

Vitellogcnc,  147                        ^^f 

^H               Tyiihloc^^ax  acuminato,  145 

Vivi|utrouB  ftabca.  444              ^H 

^M              Tyraglyplius  saccliari,  300 

rt?ptUe0,  495                   ^H 

m.UTcU1iii>  121,  122      ^M 

^H                 UlOCYATHUB  ARCTKirS,  80 

atarHsb,  110, 114            ^M 

^H               ITmbcOtilaria  grret^tilaridlca,  m 

Vorticena,  3U                             ^H 

■              Uitgalata,  600,  629 

Valture,  548                             ^H 

^H               Unio  com  plana  tu;«,  244 

^^^ 

^M               TJa'liina,  sea,  117 

WAf.RD8,  614                                    ^H 

■               UFodela.  478.  484.  4H8 

Wapati.  608                             ^M 

^1               Urolabes  palustrU,  170 

Wasp.  880                               ^H 

^K              nnosamerlcAnufl,  010 

Water  be«r.  661                      ^M 

^^^K                  arctoB,  016 

Water  tlea.  3UU                        ^H 

^^^f                  iiiarilimua,  616 

Waterlog  i>ot  sbolK^QO           ^^M 

^^^        LTrus.  013 

Wax  wing,  555                          ^^M 

■               {TvcUa,33 

Wbale.  591                                ^M 

aabery,  594                    ^M 

^m             Varanus,  504 

sperm,  593                      ^^M 

^H               Variation  of  species,  673 

bone,  593                       ^M 

■              Veli^er  stage  of  molltisea,  $S9,  W^, 

wbite,  SIKI                      ^H 

■                  263, 206 

Whale's  tongae  worm,  3ltt            | 

^1              Velum  of  rotifen,  176, 178 

V\  belk,  368                                _^J 

^m              Venoji  merct^naria,  249 

Wbitc  ant,  397                        ^H 

^B              Vermes,  diaractcrn  of,  138 

Worm^  138                              ^^| 

^B                        claasmcatloD  of,  383 

Hat.  141                            ^H 

^^^      Vertebra,  005 

duke;  14a                       ^M 
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Worms,  nemerteim,  21 G 
paraaltif,  U.'i.  Uli 
phoflphori'rtccEi,  237 
round,  163 

Btrobiliitiou  in,  li4,  Hb 
tape,  153 
tUre&il,  1G3 
irematode,  14fi 
whale'ii  tongue,  31U 


Wren,  555  ^ 

Zeuoloikjn,  5tMS 
ZoaiHlmrm,  79,  91 
ZoautUuB*  7^ 
ZiK'ii,  313 

Zoo|^eo;^rapliy,  IG,  658 
Zooid*.  302.  ilO 


OUTLINES  OF  COMPARATIVE  EMBEYOLOGY ; 

Oil,  Life  Histories  op  Akimals,  including  Man.    By  A.  S.  Pack- 
ard, Jr.    Copiously  Illustrated.     8vo.    $3.50. 

'*  An  ample  work  of  reference  for  advanced  Btndentfl It  woald  not  be 

cai^y  to  find  a  work  on  the  branch  of  Animal  Physiology  of  which  it  treato,  which  di»- 
I)lay8Biich  acute  and  delicate  anaJyeis,  or  presonta  a  more  complete  statement  of  the 
recondite  facte.'*— TVifte/n*. 

"  MuPt  remain  for  many  years  the  one  standard  work  on  the  snbiect.  .  .  .  Alto- 
SPther  it  forms  one  of  the  most  valoable  worki*  of  science  vet  pnbiished  in  this  coun- 
try, and  it  i«  (»afe  to  pay  that  no  working  naturalist  can  do  without  it."— Prof.  B.  8. 
Morse,  in  Popular  Science  MontJUy, 

"  It  occupies  worthily  an  important  place  absolutely  unfilled  to  this  time.**— Chan- 
cellor WiNCUBLL. 


GUIDE  TO  THE  STUDY  OF  INSECTS, 

AXD  A  Treatise  on  thq^e  Injurious  and  Beneficial  to  Crops. 
For  the  use  of  CoUeges^  Farm-Seliools,  and  Agriculturists,  By 
A.  S.  Packard,  Jr.,  M.D.  With  11  Plates  and  050  Woodcuts. 
Sixth  edition.    $5. 

*'l  hold  that  your  work  onffht,  in  connection  with  Harrises  'Treatise  on  Insects 
Injurious  to  Vegetation,*  to  which  it  is,  as  it  were,  the  key,  to  be  introduced  in  all  our 
agricultural  collegct*,  as  the  best  text-book  of  that  kind  now  extant.*'— Professor  L. 

Auassiz. 

"  Your  '  Guide  to  the  Study  of  Insects '  has  become  the  text-book  up  here.**— O. 
Crotch,  Librarian  qf  Cambridge  University ^  England, 

*'  But  it  Is  of  its  scientific  merits  especially  we  wish  to  speak,  and  of  which  we  can 
sponk  in  no  qualified  terms  of  praise.    The  first  two  parts  are,  we  do  not  hesitate  to 

nnirm,  the  IxtHt  things  of  the  kind  that  our  language  possesses We  have 

seldom  fallen  on  so  thoroughly  good  a  scientific  treatise,  and  we  can  only  conclndo 
our  notice  of  it  by  advising  all  our  natural  hintory  readers  to  make  its  acquaintance. 
There  it*  no  work  we  should  prefer  to  it  as  a  book  for  the  student.**— ^Sdtf/i^(/I(;  0]^n- 
ion,  London. 

*' Among  the  best  guides  to  the  study  of  insects  which  at  present  exist  in  our  liter- 
ature."—Dr.  A.  DoiiRN,  in  the  Entomological  Journal^  of  Stettin,  Prussia. 

"The  study  of  Entomology  is  one  that  can  be  almost  as  easily  pursued  in  the 
school-room  as  Botany,  and  we  should  be  glad  to  see  the  experiment  tried.  Dr. 
Packard's  work  U  well  fitted,  by  its  clear,  simple  style,  for  use  as  a  text-book.**— TVkc- 
Michigan  Teacher. 

**In  typograi>hy  and  illustrations  the  part  before  us  leaves  nothing  to  be  desired, 
while  the  untnor's  stylo  is  very  perspicuous.    We  hope  the  work  will  be  used  ns 

intended,  in  colleges  and  farm-schools  and  by  agriculturists In  every 

particular  of  text,  illustrations,  and  manufacture,  it  is  thoroughly  well  done.'*- T'/fV 

NafUm. 

*•  Altosrcther,  wo  arc  immensely  pleased  with  thia  work.  It  is  assuredly,  all  in  all, 
the  fullest,  mojit  modern,  and  most  clearly-written  treatise  on  insects  we  tiave  ever 
nci.'n.''— Popular  Science  Revieio,  London. 

•'  The  most  recent  memoirs  connected  with  these  subjects  have  been  made  use  of 
by  the  author ;  and  this  part  of  his  work  is  certainly  the  best  manual  of  entomology 
which  the  English  reader  can  at  present  obtain.**— iVo^wr*,  London. 

"  As  a  practical  treatise  on  American  entomology,  with  reference  especially  to  the 
In«%erT'<  injurious  or  beneficial  to  crops,  it  sti^nds  almost  alone,  and  reflcctJi  the  highest 
cn'ilit  u|>ou  American  scholarship,  patience,  and  scientific  skill.*'— ^070  York  Tribune, 
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